Observed response and genetic variability in two maize populations after four cycles of reciprocal full-sib selection by Lantin, Manuel Montecer
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1980
Observed response and genetic variability in two
maize populations after four cycles of reciprocal
full-sib selection
Manuel Montecer Lantin
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Lantin, Manuel Montecer, "Observed response and genetic variability in two maize populations after four cycles of reciprocal full-sib
selection " (1980). Retrospective Theses and Dissertations. 7386.
https://lib.dr.iastate.edu/rtd/7386
INFORMATION TO USERS 
This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 
The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting througl: an image and duplicating adjacent pages 
to assure complete continuity. 
2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 
UniversiV 
Micrdfilms 
International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 

8019644 
Lantin, Manuel Montecer 
OBSERVED RESPONSE AND GENETIC VARIABILITY IN TWO MAIZE 
POPULATIONS AFTER FOUR CYCLES OF RECIPROCAL FULL-SIB 
SELECnON 
Iowa Stale University PH.D. 1980 
University 
Microfilms 
I n t6 r n ât i 0 n â I 300 N. Zeeb Road. Ann Arbor. MI 48106 

Observed response and genetic variability in 
two maize populations after four cycles of 
reciprocal full-sib selection 
by 
Manuel Montecer Lantin 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Plant Breeding 
App^ved; 
In Charge of Major Work 
For th Majo D p rtment 
For the Grmuati uate College 
lova State University 
Ames, Iowa 
1980 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 4 
MATERIALS AND METHODS 13 
STATISTICAL ANALYSES 22 
RESULTS 37 
DISCUSSION 86 
SUMMARY AND CONCLUSIONS lOl 
LITERATURE CITED 105 
ACKNOWLEDGMENTS 111 
APPENDIX 112 
1 
INTRODUCTION 
The purposes of recurrent selection methods are to 
increase the frequency of favorable alleles and, hence, the 
mean of the population, while maintaining genetic variability 
with respect to the quantitative trait under selection. 
These objectives are expected to be accomplished by repeti­
tions of the three steps or phases which basically character­
ize the procedure; (l) development of progenies (half-sib, 
full-sib or selfed); (2) evaluation of the progenies in 
replicated tests; and (3) recombination of the selected geno­
types to form the population for the next cycle of selection. 
Recurrent selection methods are classified into two 
broad categories; (1) intrapopulation and (2) interpopula­
tion improvement schemes. These two groups basically differ 
in terms of the specific purpose of selection which is deter­
mined by the type of end product desired. The main ea^hasis 
of intrapopulation selection is to improve the population 
per se. The objective therefore is to develop improved varie­
ties or cultivars. Interpopulation improvement procedures, 
on the other hand, are designed primarily to improve the 
varietal cross between the two populations involved. They, 
however, do not necessarily preclude improvement in the 
populations per se. 
Since the initial suggestions of the breeding method by 
Jenkins (1940) and Hull (1945), many recurrent selection 
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procedures have been employed and evaluated in several maize 
(Zea mays L.) selection programs. The results in terms of 
the observed responses from the various methods were sum­
marized by Sprague and Eberhart (1977). 
With increased understanding of the type of gene action 
involved in most of the important plant traits, modifications 
of some of the procedures have been proposed; one of these is 
"reciprocal full-sib selection" (Hallauer and Eberhart, 1970). 
Reciprocal full-sib selection is basically an interpopulation 
selection scheme which utilizes the performance of full-sib 
progenies (developed by making plant-to-plant crosses between 
the two populations involved) as the criterion for selection. 
It differs from the reciprocal recurrent selection procedure 
described by Comstock et al. (1949) where half-sib progenies 
are evaluated. As originally described in maize, reciprocal 
full-sib selection (RFS) is a method quite suited to two-
eared populations. Prolificacy, however, is not a prerequi­
site. On the other hand, application of the procedure is 
made simpler or facilitated if at least one of the popula­
tions has two or more productive ears per plant; one of the 
ears is used to rroduce the selfed seed for maintenance of 
the line and the other to produce full-sib progenies for 
evaluation. Reciprocal full-sib selection is being conducted 
in two maize synthetics, BSlO and BSll, with yield as the 
primary trait of selection. Another selection program being 
conducted in each of these varieties is mass selection for 
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prolificacy. 
This study vas conducted with the following objectives; 
1. To evaluate the effectiveness of reciprocal full-sib 
selection as a population improvement procedure and 
to compare it with that of mass selection for 
prolificacy. 
2. To determine the effect of reciprocal full-sib se­
lection on the magnitude of genetic variance for 
yield and other traits in BSlO and BSll. 
3. To evaluate the likelihood of developing superior 
inbred lines from populations derived from recip­
rocal full-sib selection via evaluating unselected 
lines derived from the original and improved 
populations of BSlO and BSll. 
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REVIEW OF LITERATURE 
Reciprocal Full-sib Selection 
A procedure to develop single cross hybrids through 
selection among full-sib families was described by Hallauer 
(1967) and Lonnquist and Williams (1967). Briefly, it in­
volves making plant-to-plant crosses between two populations 
and, at the same time, selfing the parent plants. Produc­
tion of outcrossed and selfed seed on the same plant is ob­
viously facilitated if the plant is multiflowered or prolific. 
The full-sib families are tested in replicated trials and in­
breeding of the parents of superior families is continued. 
The process of inbreeding, crossing, testing, and selection 
is repeated until superior hybrids with sufficiently inbred 
parents are isolated. These single-cross hybrids have been 
tested at each level of inbreeding. This is the hybrid 
development phase of the procedure (Hallauer, 1973). 
A population improvement phase is incorporated by re-
combining parents of superior full-sib progenies to form the 
population for the next cycle in each variety. This method 
of recurrent selection using full-sib progenies has been 
designated reciprocal full-sib selection (RFS) by Hallauer 
and Eberhart (1970). It is similar to the reciprocal recur­
rent selection (RRS) procedure described by Comstock et al. 
(1949) except in the type of progenies being tested. Recip­
rocal recurrent selection uses the performance of half-sib 
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progenies as the basis of selection. 
Reciprocal full-sib selection is a method designed to 
maximize selection for heterotic combinations; i.e., for 
nonadditive genetic effects. Reciprocal full-sib selection, 
however, also selects for additive effects (Hallauer, 1973; 
Hoegemeyer and Hallauer, 1976). 
Reciprocal full-sib selection was initiated for maize in 
1963 in Iowa using two two-eared varieties, 'BSTE' (BSlO) and 
'PHPRC (BSll). Initial results showed appreciable progress 
as indicated by higher mean performance of the advanced gen­
eration crosses (e.g., Sg x Sg) relative to the SQ X 
crosses (Hallauer, 1973). As a population improvement scheme, 
RFS resulted in increased grain yield for the two populations 
(14.8% in ESTE and 18.7% in PHPRC) and their population 
crosses (10.1%) after one cycle of selection. More recently, 
Obilana et al. (1980) reported the progress made after three 
cycles. They noted a 5.5, 6.0 and 6.3% gain per cycle in 
yield of BSIO, BSll and their population crosses, respective­
ly. There was also an increase in both midparent and high 
parent heterosis from CO to C3. The observed response in 
the interpopulation was in close agreement to the expected. 
The expected gain was estimated using variance component 
estimates obtained for the interpopulation by Obilana et al. 
(1979). 
Hoegemeyer and Hallauer (1976) evaluated the effective­
ness of the hybrid development phase of RFS in isolating 
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superior single-cross hybrids. Results of the study showed 
that crosses among lines selected on the basis of paired plant 
testcrosses from SQ X SQ through x gave 11.2% higher 
yield than those of the unselected lines. Also, a slightly 
higher yield vas obtained for the tested paired-plant 
crosses than the untested crosses among selected lines. 
The method did select for nonadditive effects as indicated 
by predominantly positive specific combining ability (SCA) 
effects for the tested crosses. Specific combining ability 
effects, however, were smaller than general combining ability 
(GCA) effects. The authors concluded that selection among 
and within full-sib families seems effective in isolating 
lines with high SCA and GCA. 
No comparisons have been made between reciprocal full-
sib selection and other selection schemes in terms of actual 
responses. In a computer simulation study, however, Jones 
et al. (1971) obtained greater gain from reciprocal full-sib 
than from half-sib reciprocal recurrent selection. It was 
pointed out that selection intensity for RFS can be doubled 
while maintaining the same effective population size as for 
RRS. The increase in selection intensity will more than 
compensate for the higher phenotypic variance for full-sib 
families compared to that for half-sib families. Sprague and 
Eberhart (1977) compared the estimates of expected gain in 
•Jarvis' x 'Indian Chief* population cross for RFS and RRS. 
As estimates of interpopulation additive and dominance 
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variances, averages of the estimates of each component for 
the two populations were used. They obtained similar ex­
pected gains for the two methods. They pointed out that 
the selection intensities used by Jones et al. (1971) in 
comparing the two procedures were very low. 
Mass Selection 
Since the introduction of a modification of the mass 
selection procedure by Gardner (1951), maize breeders have 
used the method in some of their population improvement pro­
grams. One of the most extensive mass selection programs is 
being conducted in Nebraska for the open-pollinated maize 
cultivar 'Hays Golden'. Mass selection was found to be 
effective in improving the yield of this variety (Lonnquist 
et al., 1966; Gardner, 1969a). The two populations selected 
from Hays Golden showed a linear response of 3% per cycle 
over 15 cycles of selection (Gardner, 1973). No further 
gains, however, have been obtained from recent cycles 
(Gardner, 1977, 1978). Lack of response in later cycles was 
attributed to genotype-environment interactions caused by 
stress environments (Mareck and Gardner, 1979). 
Responses reported from other mass selection programs 
wherein grain yield was the primary trait of selection ranged 
from very limited to highly significant gains (Johnson, 1963; 
Hallauer and Sears, 1969; Arboleda and Compton, 1974; Center, 
1976; Darrah et al., 197 8; Compton et al., 1979). 
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Mass selection for yield also produced correlated re­
sponses in other traits such as prolificacy, number of days 
to silk, percent grain moisture at harvest, and plant and ear 
height (Gardner, 1969b; Harris et al., 1972). The method has 
proved to be effective in changing these traits by directly 
selecting for them. Acosta and Crane (1972) were successful 
in lowering ear height in two maize populations through mass 
selection. In changing the maturity of populations with 
exotic germplasm, mass selection has been shown to produce 
considerable progress (Hallauer and Sears, 1972; Troyer and 
Brown, 1972). Cortez-Mendoza and Hallauer (1979) reported 
the results of 10 cycles of divergent mass selection for ear 
length in 'Iowa Long Ear Synthetic'. Asymmetrical responses 
were obtained with selection for increased ear length pro­
ducing lower response than for decreased ear length. No 
correlated response in grain yield was obtained from selec­
tion for longer ears. 
Among the mass selection programs for improving yield of 
maize indirectly through other traits, selection for in­
creased number of ears per plant has probably generated the 
greatest interest. This is because prolificacy was highly 
correlated with yield and had a higher heritability 
(Robinson et al., 1951). Lonnquist (1967) reported results 
of five generations of selection for improved yield by select­
ing for prolificacy in the variety Hays Golden. Gain per 
cycle was 6.28% which was greater than the gain from direct 
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selection for yield. He attributed the greater effectiveness 
of indirect selection through prolificacy to higher selec­
tion intensity and higher heritability. Torregroza and 
Harpstead (1957) and Torregroza (1973) reported on the results 
of a divergent mass selection program for ears per plant in 
the open-pollinated variety 'Harinoso Mosquera' in Colombia. 
After 11 cycles of selection, 48% increase in ears per plant 
•was accompanied by 35% increase in yield from selection for 
prolificacy. Kincer and Josephson (1976) also reported sig­
nificant responses from five generations of mass selection 
for prolificacy in a derived population of the maize variety 
'Jellicorse'. Total number of ears per plant increased 13.2% 
after five cycles of selection. Correlated response in 
grain yield vas small but equal to that from direct selection 
foz yield itself. 
Genetic Variability in Populations Under 
Recurrent Selection 
Changes in genetic variability in a population under­
going selection have been a major concern to plant breeders. 
This is understandable because the presence of adequate 
genetic variability in the selection population determines 
the probability of further gains from additional cycles of 
selection. Effective selection results in changes in gene 
frequency and mean of the population. This is expected to 
be accompanied by a reduction in genetic variance if no 
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recombination is done. Recurrent selection includes reselec-
tion in each cycle with recombination or reconstitution of 
the selected types and is designed to improve breeding popu­
lations while maintaining genetic variability. Many breeders 
have investigated the possible changes in genetic varia­
bility in populations involved in their recurrent selection 
programs. 
McGill and Lonnquist (1955) reported the results of two 
cycles of recurrent selection for combining ability in the 
two high yield,'Krug* synthetics. Their data indicated a 
considerable reduction in genetic variability in the popula­
tions after two cycles of selection. 
Penny et al. (1963) did not find consistent pattern of 
changes in magnitude of genetic variances after several cycles 
of various selection programs being conducted for maize in 
Iowa. 
Lonnquist et al. (1965) reported no change in additive 
genetic variance after six cycles of effective mass selec­
tion in the Hays Golden variety. In a more recent study, 
however, Harris et al. (1972) noted significant reduction in 
genetic variation among random lines derived from two 
populations which were mass selected from Hays Golden, C9 
and 19, relative to the original variety. 
Moll and Robinson (1966, 1967) reported no apparent 
change in additive genetic variance after four cycles of 
effective full-sib family selection in three populations. 
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(NC7 X C121)F2, Jarvis, and Indian Chief. For the recipro­
cal crosses of Jarvis and Indian Chief, they noted an in­
crease in magnitude of genetic variance component after the 
first cycle of reciprocal recurrent selection. No signifi­
cant changes, however, were noted in the subsequent three 
cycles. In a later report, the heritability of yield in the 
variety hybrid was estimated to be 0,20 before selection and 
0.36 after the sixth cycle (Moll and Stuber, 1971). It was 
concluded therefore that additional cycles of reciprocal re­
current selection will result in further gains. Recently, 
Moll et al (1977) compared the yield distributions of inter-
cultivar single crosses among inbreds derived from the two 
populations after six cycles of reciprocal recurrent, selec­
tion relative to that of the control population of single 
crosses among unselected inbreds from the original cultivars. 
They found that the selection procedure had little effect on 
the distribution of single-cross yields, but accompanied 
with an increase in mean performance. 
Da Silva andLonnquist (1968) noted a moderate decrease 
in genetic variance with testcross selection and full-sib 
selection in Krug. The two selection procedures, however, 
produced different changes in the magnitude of genetic vari­
ance as indicated by the ratios of dominance variance to 
additive variance estimates in the derived populations. 
Hallauer (1970, 1971) investigated the relative change 
in genetic variation for yield and other traits in 'Stiff 
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Stalk Synthetic' and 'Corn Borer Synthetic #1' populations 
after four cycles of reciprocal recurrent selection. He 
found no differences in estimates of additive genetic 
variance for yield between the CO and 04 of Corn Borer 
Synthetic #1. The estimates for Stiff Stalk Synthetic, 
however, showed a decrease and, similarly, a reduction was 
noted from CO x CO to C4 x C4 population crosses. Small 
changes were noted on genetic variation and heritability for 
other plant and ear traits. In a later study. Penny and 
Eterhart (1971) did not find significant changes in genetic 
variances after five cycles of reciprocal recurrent selec­
tion in the same two populations. The apparent loss in 
genetic variability in Stiff Stalk Synthetic noted by Hallauer 
(1970) after four cycles of selection could be due to sampling 
error according to Eberhart et al. (1973). 
No significant changes in genetic variances after re­
current selection in other selection programs have also been 
reported (Burton et al., 1971; Darrah et al., 1972; Russell 
et al., 1973; Horner et al., 1973). It seems, therefore, 
that in most recurrent selection programs for maize, genetic 
variability has been maintained, at least, during the first 
few cycles of selection. 
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MATERIALS AND METHODS 
This study included two separate but related aspects 
concerning reciprocal full-sib selection. The first dealt 
with the evaluation of the progress made after four cycles 
of selection and how it compared with that of mass selection. 
The second aspect was an examination of the changes in genetic 
variability in BSlO and BSll that might have occurred after 
four cycles of reciprocal full-sib selection. 
Evaluation of Populations and Their Crosses 
The materials used in this aspect of the study were 
derived from two selection programs being conducted in 'Iowa 
Two-ear Synthetic' (BSTE) and 'Pioneer Prolific Composite' 
(PHPRC), both of which had strong two-ear tendency. BSTE, 
now designated as BSlO, was developed by W. A. Russell of 
the Department of Agronomy at Iowa State University by 
recombining 10 Corn Belt inbred lines that expressed strong 
two-ear tendency. PHPRC, now designated as BSll, was de­
veloped by W. L. Brown of Pioneer Hi-Bred International, 
Inc., Johnston, Iowa, by crossing Caribbean and Southern U.S. 
germplasm with Corn Belt lines followed by several generations 
of recombination and selection for two-earedness. 
Reciprocal full-sib selection for yield was initiated 
in BSlO and BSll in 1963 (Hallauer, 1973). The population 
improvement phase of the procedure is described below 
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(Hallauer and Eberhart, 1970; Hallauer, 1973). 
1. In 1963, a niixnber of SQ plants from each population 
•were grown in paired rows. Each of the plants was 
selfed using the second ear and at the same time out-
crossed with the opposite member of the pair using 
the top ear. (In subsequent generations, selfing 
was done the first day using the second ear and 
reciprocal crosses were made the next day using the 
top ear.) Hybrid seed (SQ X SQ) and selfed seed 
(S^) from 144 pairs of SQ plants were successfully 
obtained. The SQ X SQ crosses were evaluated in 
1964 in a replicated yield trial at two locations. 
Inbreeding of the selected plants was continued and 
plant-to-plant crosses produced and yield tested 
through the S^ generation. 
2. In 1969, 24 S^ lines from BSlO and 18 from BSll 
were recombined to form the respective CI cycle 
populations, i.e., BS10(FR)C1 and BS11(FR)C1. 
3, In 1970, SQ X SQ and S^ progenies from 181 pairs of 
plants of the CI population were produced. The full-
sib progenies were evaluated at three locations in 
1971 and the S^ seed of the 20 highest yielding 
Sq X Sq crosses from each population were recombined 
to form the C2 populations. 
4, The procedure was repeated to obtain the subsequent 
cycles, each time recombining 20 selected lines. 
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Also, selection of the progenies was based on 
stalk quality and their reaction to first brood 
European corn borer (Ostrinia nubilalis Hubner) 
infestation in addition to yield of the correspond­
ing SQ X SQ crosses. By 1977, four cycles of re­
ciprocal full-sib selection had been completed. 
From C2 to C4, the use of winter nurseries for 
recombination made possible the completion of a 
cycle in two years. 
A mass selection program was conducted in BSlO and BSll 
for prolificacy. The method used was similar to the one de­
scribed by Gardner (1961) when growing conditions were normal. 
This is summarized below. 
1. Each of the original populations (CO) was grown in 
isolation under a plant density of approximately 
49,000 plants per hectare. 
2. At the time of selection, the isolation field was 
partitioned into 100 40-plant subplots. The 40 
plants in a subplot were all competitive standing 
plants. 
3. The second ears of 6 to 10 best looking prolific 
plants were harvested within each subplot. Final 
selection of three ears from each of the subplots 
was done after drying to uniform moisture. Selec­
tion intensity, therefore, was 7.5%. 
4. Equal quantities of seeds were saved from each 
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selected ear and two bulks were formed; one bulk 
was for planting the next cycle population and the 
other was put in cold storage for use in case of 
crop failure or for future evaluation of the response 
to mass selection. 
The above steps were followed to obtain the subsequent 
cycles except when the crop suffered from environmental stress 
that affected stands, e.g., the 1976 crop. In such situa­
tions, selection was limited to picking the second ears of 
the best standing prolific plants. All the ears harvested 
were then dried and shelled into one large bulk. In such 
cases, therefore, the selection intensity could not be as­
certained. Mass selection for prolificacy was initiated in 
1966 and by 1976, 10 cycles of selection had been completed 
for BSIO and BSll. 
In 1976, seed of the original and derived populations 
from the two selection methods were increased and population 
crosses produced in the breeding nursery at Ames. In making 
the reciprocal population crosses (Cn x Cn), corresponding 
cycle populations of the two varieties were planted in 
adjacent rows. A plant in each row served both as male and 
female with the restriction that pollen from a plant used as 
male could not be used to pollinate more than two ears in the 
adjacent row. All the pollinated ears from the two rows were 
bulked to constitute an entry. For mass selection popula­
tions, only the even-numbered cycle populations (i.e., C2, 
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C4, C6, C8, ClO) and their population crosses were con­
sidered for evaluation. The population crosses for the lOth 
cycle of mass selection were produced in the 1976-77 Florida 
winter nurseryj the seed, however, was lost because of 
frost damage. Consequently, the C9 x C9 population cross 
was included in the trials. Thirty entries were available 
for evaluation. 
The 30 entries were evaluated at five Iowa locations in 
1978 (Kanawha, Ames Agronomy Farm, Ames Atomic Energy Farm, 
Nashua, and Martinsburg) and three in 1979 (Ames Agronomy 
Farm, Nashua, and Ankeny) . Each experiment was laid out in a 
randomized complete block design with three replications. 
The entries were planted in two-row plots, the dimensions 
of which are given in Table 1 for each experiment. The 
plots were overplanted and then thinned to 34 plants per 
plot. Data on the following traits were recorded. 
Days to silk; These data were recorded as the number 
of days from July 1 when 50% of the plants in a plot had ex­
posed silk. Data were obtained for experiments 78045, 78046, 
and 79044. 
Percentage of root and stalk lodging; A plant that was 
visually inclined from the vertical by more than 30° was con­
sidered root lodged and one with the stalk broken below the 
top ear was counted as stalk lodged. The number of root and 
stalk lodged plants were recorded for each plot and expressed 
as percentages of the total number of plants (stand) in the 
Table It Plot sizes used in each experiment 
Materials 
evaluated 
Experiment 
number Location Plot size 
Population per se 
and crosses 
lines 
78043 Nashua 518 cm X 152 cm 
78044 Kanawha 518 cm X 152 cm 
78045 Ames Agronomy Farm 518 cm X 152 cm 
78046 Ames Atomic Energy Farm 518 cm X 152 cm 
78047 Martinsburg 518 cm X 193 cm 
79043 Nashua 518 cm X 152 cm 
79044 Ames Agronomy Farm 518 cm X 152 cm 
79045 Ankeny 548 cm X 152 cm 
78035 Kanawha 508 cm X 76 cm 
78036 Ames Agronomy Farm 508 cm X 76 cm 
79035 Kanawha 533 cm X 76 cm 
79036 Ames Agronomy Farm 508 cm X 76 cm 
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plot. These data were taken before harvest for four experi­
ments in 1978. 
Percentage of dropped ears; Dropped ears were recovered 
at harvest and the number vas expressed as percentage of the 
total number of ears harvested from each plot. Data were 
recorded for four experiments in 1978. 
Ears per plant; Ears harvested from each plot were 
counted before shelling and the total number was divided by-
stand to obtain the number of ears per plant. Data were ob­
tained for all experiments except 79043 (Nashua in 1979). 
Grain yield; All the ears were hand harvested in all 
experiments. Except for experiments 79043 and 79045, the 
harvested ears were dried to a uniform moisture, shelled, 
and dry shelled grain weighed. This was adjusted for stand 
and expressed in quintals per hectare (q/ha). For experi­
ments 79043 and 79045 the harvested ears were shelled immedi­
ately after harvest by use of a Massey Ferguson 205 combine 
adapted for small plot harvesting. Shelled grain yield for 
each plot was determined by use of a weigh bar weighing mech­
anism on the combine. Grain moisture was determined using a 
portable moisture tester on the combine. Grain weight per 
plot was adjusted for moisture at 15.5%. Grain yield adjusted 
for stand was expressed in quintals per hectare. 
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Evaluation of Lines 
The primary objective of this aspect of the study was 
to examine the possible changes that might have occurred in 
genetic variability after four cycles of reciprocal full-sib 
selection. A second purpose was to evaluate the potential 
of RFS-derived populations as sources of high yielding lines. 
The source materials used were the RFS populations 
described previously. SQ plants from each of the original 
(CO) and improved (C4) populations of each of the two varie­
ties, BSIO and BSll, were selfed in 1977. For each of the 
four populations, 100 unselected lines were obtained. 
The 400 entries (lines) were grown at two locations 
(Ames Agronomy Farm and Kanawha) in 1978 and 1979. The 
entries were divided into 10 sets of 40 lines each. Each 
set included 10 lines from each population that were repli­
cated twice in an adjacent manner in each experiment. The 
lines were randomized within each population and the popula­
tions randomized within each replication. Each entry was 
planted in single row plots of 17 plants each. Plot dimen­
sions for the four experiments are given in Table 1. 
Data on yield and ears per plant were obtained from each 
experiment and days to silk from two experiments (experiments 
78036 and 79036). All experiments were hand harvested. The 
ears were dried to uniform moisture, shelled, and the grain 
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•weight per plot was expressed in quintals per hectare. 
Data on other traits were recorded as described in the section 
on population evaluation. 
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STATISTICAL ANALYSES 
Response to Selection 
Analyses of variance were performed for each trait mea­
sured using a model appropriate for a randomized complete 
block design. An analysis was made for each individual ex­
periment and data from all experiments except those obtained 
from Ankeny (experiment 79045) were used for a combined analy­
sis. The Ankeny data were considered unreliable because of 
nitrogen deficiency and severe wind damage suffered by the 
crop early in the flowering period. 
In the combined analysis, experiments were considered 
representatives of seven random environments and entries fixed. 
The assumption is that the genotype-environment interaction 
was not associated with year or location (Moll and Robinson, 
1967; Moll and Stuber, 1971). The analysis was performed 
using the following model: 
^ijk = «1 + E. + R^j + + (EP)ik + ®ijk ' 
1 — 1,2,«««,7; j = 1,2; k — 1,2,...,30, 
where 
Y. .. = observed value for the kth entry in the jth 1 jk 
replication of the ith environment; 
m = overall mean effect; 
= effect of the ith environment; 
= effect of the jth replication within the ith 
environment ; 
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= effect of the kth entry; 
(EP)ij^ = interaction effect between the ith environment 
and the kth entry; and 
e... = error associated with the ijkth observation. 1 jK 
To measure the responses of BSlO and BSll to the two 
methods of selection (reciprocal full-sib selection for yield 
and mass selection for prolificacy), the least squares analy­
sis described by Eberhart (1964) was used. For this purpose, 
the entries were divided into three groups each including 10 
entries. Group 1 included the original BSlO population (CO), 
the four cycle populations (CI to C4) from reciprocal full-
sib selection and the five cycle populations (C2 to ClO) from 
mass selection. Group 2 included the corresponding entries 
for BSll and Group 3 consisted of the 10 population crosses 
(Table 2). The entry sum of squares, therefore, was parti­
tioned into four components: (a) among entries in Group 1, 
(b) among entries in Group 2, (c) among entries in Group 3, 
and (d) among groups. Using entry means from the data com­
bined across environments, least squares analyses were per­
formed for each group according to the following model 
(Eberhart, 1964): 
^ij = + ^ll^lij ^12^2ij ^  ^ 21^1ij ^22^2ij ®ij 
i = 0,1,2 
0 for i = 0 
. _ 1,2,3,4 for i = 1 
2,4,6,8,10 for i = 2 (Groups 1 and 2) 
2,4,5,8,9 for i = 2 (Group 3) , 
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Table 2. Groupings of entries for least squares analysis for 
the 30 entries included in the experiments 
Group 1 Group 2 Group 3 
BSIOCO BSllCO BSIOCO X BSllCO 
BS10(FR)C1^ BS11(FR)C1 BS10(FR)C1 X BX11(FR)C1 
BS10(FR)C2 BS11(FR)C2 BS10(FR)C2 X BS11(FR)C2 
BS10(FR)C3 BS11(FR)C3 BS10(FR)C3 X BS11(FR)C3 
BS10(FR)C4 BS11(FR)C4 BS10(FR)C4 X BS11(FR)C4 
BS10(M)C2^ BSll(M)C2 BS10(M)C2 X BS11(M)C2 
BS10(M)C4 BS11(M)C4 BS10(M)C4 X BS11(M)C4 
BS10(M)C5 BS11(M)C6 BS10(M)C6 X BS11(M)C5 
BS10(M)C8 BS11(M)C8 BS10(M)C8 X BS11(M)C8 
BS10(M)C10 BS11(M)C10 BS10(M)C9 X BX11(M)C9 
^FR denotes reciprocal full-sib selection population, 
denotes mass selection population. 
where: 
^ij 
xn^ = 
11 
12 
21 
'22 
mean of the ijth cycle population or population 
crossJ 
mean of the base population (CO); 
linear regression coefficient for RFS; 
linear regression coefficient for Mj 
quadratic regression coefficient for RFS; 
quadratic regression coefficient for M; 
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C,.. and eu.. = coefficients for the model matrix where 
l i j  2 i j  
^ 0 for i / 1 
^lij j for i = 1 
^0 for i / 2 
2ij j for i = 2; and 
e^j = deviation from the model. 
Tne entry sum of squares for each group could therefore 
be partitioned into components due to regression and devia­
tions from regression. The combined analysis of variance 
showing the partitioning of the degrees of freedom for entries 
source of variation is shown in Table 3. The analysis pro­
vided a direct comparison of the gains due to the two selec­
tion procedures as indicated by the regression coefficient 
estimates. The quadratic model was fitted only when the de­
viations from linear regression were significant. 
Genetic Variability After Selection 
Statistical analyses of data for this aspect of the 
study included analysis of variance of data pooled over sets 
for each environment, analysis of variance of data combined 
over environments for each set, and combined analysis of 
variance across sets and environments. Each year-location 
combination (experiment) was regarded as representative of the 
population of environments. These analyses were performed 
using the following models; 
1. Analysis of variance pooled over sets for each 
environment; 
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Table 3. Form of the combined analysis of variance for 30 
entries compared in e environments 
Source of variation 
Environments (E) e-1 
Rep/E 2e 
Entries 29 
Group 1 9 
Linear 2 
Ave linear 1 
Among B^j's 1 
Quadratic 2 
Ave quadratic 1 
Among B2 * s 1 
Deviations 5 
Group 2 9 
Linear 2 
Ave linear 1 
Among 1 
Quadratic 2 
Ave quadratic 1 
Among B2 j * s 1 
Deviations 5 
Group 3 9 
Linear 2 
Ave linear 1 
Among B^j's 1 
Quadratic 2 
Ave quadratic 1 
Among B2j's 1 
Deviations 
Among groups 2 
Entries x environments 29(e-l) 
Pooled error 58e 
^e = 7 for grain yield; 6 for ears/plant; 4 for % of 
root and stalk lodging, and dropped ears. 
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Tijk = m + Si + Rij + 
i = lO» j — l>2j; k — l>2^«.«j40, 
where; 
Y. .. = observed value for the kth line in the jth 1JJC 
replication within the ith set; 
m = overall mean effect; 
= effect of the ith set; 
j = effect of the jth replication within the ith set; 
= effect of the kth line within the ith set; 
e. = random error; and 
2 2 
L^j ~ NID (0, a^); ~ NID (0, a ) . 
2. Analysis of variance combined over environments for 
each set: 
^ijk = m + EX + R^j + + (EL) 
1 — 1,2)3,4; J — 1,2; k — 1,2,««*,40, 
where: 
Y... = observed value for the kth line in the jth 
X JK 
replication of the ith environment; 
m = overall mean effect; 
= effect of the ith environment; 
R. • = effect of the jth replication within the ith 
X J 
environment; 
Lj^ = effect of the kth line; 
(EL)ik = effect of interaction between the ith environment 
and the kth line; 
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-
H Q) random error; and 
Ei ~ NID (0, 
^k ~ NID 
(0, o l ) :  
(EL)ik ~ NID (0, 
®ijk ~ NID (0, cr^). 
3. Analysis of variance pooled over sets and combined 
across environments: 
"^ijkf = m + E. + Sj + Rijk + ®ijk£ 
i = 1,2,3,4; j = 1,2,...,10; k = 1,2; 
Z — 1,2,...,40, 
where; 
Y. .. . = observed value for the ith line in the kth 
replication within the jth set in the ith 
environment; 
m = overall mean effect; 
= effect of the ith environment; 
S ^ = effect of the jth set; 
J 
R. .. = effect of the kth replication within the jth set 1 JK 
in the ith environment; 
L.. = effect of the £th line within the jth set; 
JJC 
(EL) , -P = effect of the interaction between the ith en-
1 
vironment and the Xth line within the jth set; 
®ijkX ~ random error; and 
Ej ~ NID (0, Qg); 
Lj^ ~ NID (0, a^); 
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(EL)ij^ ~ NID (0, 0^%); 
«ijW - "ID (0, «2) . 
In each of the analyses of variance the variation due to 
entries (lines) was subdivided into five components; (a) among 
lines from BSlOCO (P^^, (b) among lines from BS10(FR)C4 (^2^' 
(c) among lines from BSllCO (Pg), (d) among lines from 
BS11(FR)C4 (P^) , and (e) among populations. The "among 
population" component was further partitioned into three 
orthogonal comparisons; (a) lines from BSlOCO versus lines 
from BS10(FR)C4 (P^ VS P2); (b) lines from BSllCO versus 
lines from BSll(FR)C4 (Pg vs P^); and (c) lines from BSIO 
versus lines from BSll (P2'^2 ^3*^4)' analyses 2 and 
3, corresponding subdivisions of environment-line interaction 
also were obtained. The forms of the analyses of variance for 
the three models are shown in Tables 4, 5, and 6. 
In the first analysis (Table 4), significance of the 
lines source of variation and its components were tested 
against the pooled error. In the other two analyses, they 
were tested against corresponding lines-environment source 
of variation and its components. All the interaction mean 
squares were tested against the pooled error mean square. 
Mean squares of the pertinent sources of variation were 
equated to their corresponding expectations for estimating 
components of variance. Estimates of components of variance 
were obtained as linear functions of the mean squares. For 
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Table 4. Form of the analysis of variance of lines pooled 
over sets for each environment 
Mean Expected 
Source of variation d.f. squares mean squares 
Set 9 
Rep/set lO 
Lines/set 390 + 2a^ 
BSIOCO (P^) 90 + 20p 
BS10(FR)C4 (Pg,) 90 Mg + 2cj| 
BSllCO fPg) 90 cr^ + 2cjp 
BS11(FR)C4 (P^) 90 M5 + 2Cp 
2 2 Among populations 30 Mg 0 + 
vs P2 10 Mj cr^ + 2a^ 
Pg vs F4 10 Mg + 2a^ 
P^,P2 vs P3,P4 10 Mg + 2a^ 
Pooled error 390 M^Q 
Table 5. Form of the analysis of variance of 
for each set 
Source of variation d.f. 
Environment (E) 3 
Rep/E 4 
Lines (L) 39 
BSIOCO (P^) 
BS10(FR)C4 (Pg) 
BSllCO (Pg) 
BS11(FR)C4 (P^) 
Among populations (P) 
Pi vs P2 
P3 vs P4 
^1*^2 ^3*^4 
lines combined over environments 
Mean Expected 
squares mean squares 
"1 
«3 a2 4. 
"4 + ZOpgE + 8»P3 
«5 + ZOpjE + "4^ 
"6 + ZOpE + %p 
"7 
Mg o" + ZCc^E 
"9 + ZOCgE 
Table 5, (Continued) 
Source of variation d. f. 
Mean 
squares 
Expected 
mean squares 
L X E 117 M 10 
2 2 
0 + 2*ZE 
X E 27 M 11 
2 2 0 + 
Pg X E 27 M 12 
P3 X E 
P4 X E 
27 
27 
M 13 
M 14 
F X E M 15 + ZOpE 
P^ vs P2 X E M 16 
Pg VS P^ X E M 17 
P^/PG VS P^.P^ X E M 18 
Pooled error 156 M 19 
Table 6. Form of the combined analysis of variance of lines pooled over sets 
and combined across environments 
Source of variation d. f. 
Mean 
squares 
Expected 
mean squares 
Environment (E) 
Set/E 
Rep/set/E 
Lines (L)/set 
3 
36 
40 
390 
BSIOCO (P^) 90 
^ 
BS10(FR)C4 (Pg) 
BSllCO (Pg) 
BS11(FR)C4 (Pj) 
Among populations (p) 
90 
90 
90 
30 
M, 
Mr 
M, 
0^ + 
+ 8«P3 
*  ' 4 ,  
<,2 ^ + 8a2 
Pi vs Pg 
P3 vs P4 
10 
10 
M-
Table 6, (Continued) 
Mean Expected 
Source of variation d.f. squares mean squares 
^L'^2 ^3*^4 10 MG 
A2 + 
L X E/set 1170 
^10 + 
?! X E 270 MIL + 
P, X E 270 
^12 / + 
P3 X E 270 ^13 A2 + 
X E 270 
^14 
A2 + 
P X E 90 
^15 + ZOPE 
P^ vs Pg X E 30 
^16 
A2 + 
Pg vs P^ X E 30 MI7 0^ + 
P 2  ^ 3  4  30 ^18 A" + 
Pooled error 1560 
^19 
A2 
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example, the genetic variance among lines from BS10(FR)C4 
for the combined analysis (Table 6) was estimated as follows; 
% = (M3 - . 
Standard errors (S.E.) of the estimates were obtained 
using the following formula (Anderson and Bancroft, 1952); 
s.E.câ?). Zk 
where S.E. (&?J = standard error of the variance component 
estimate ô?; = kth mean square; df^ = corresponding degrees 
of freedom for the kth mean square; and C = coefficient of the 
2 
variance component in the expectation of mean square. A 
variance component estimate was considered significantly dif­
ferent from zero if its magnitude exceeded twice its standard 
error. 
Estimates of phenotypic and genotypic correlations between 
traits were obtained for each population to determine the ef­
fect of RFS on the relationship of the traits measured. For 
this purpose, analyses of covariance pooled over sets and com­
bined across environments were also computed. Estimates of 
components of covariance were obtained as linear functions of 
the mean products (Mode and Robinson, 1959). Correlation 
coefficients were estimated as follows: 
^x = 
^ij ^ij ^ii 
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where r = phenotypic correlation between the ith and jth 
traits; r = genotypic correlation between the ith and jth 
traits; a = estimate of phenotypic variance when i = j 
A 
and covariance otherwise; <j = estimate of genetic variance 
^ij 
when i = j and covariance otherwise. 
To supplement the variance component estimates and to 
determine the relative probabilities of obtaining superior 
genotypes from the two populations (CO and C4), the frequency 
distributions of the different traits were obtained for each 
population. Graphical representations were made for each of 
the frequency distributions. 
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RESULTS 
Response to Reciprocal Full-sib and Mass Selection 
Analyses of variance performed on data combined over 
environments are shown in Table 7. Data on two of the 30 
entries were excluded from the analyses. Inspection of the 
results of preliminary analyses showed that these two entries 
were not the sixth cycle BSLL-derived mass selected population 
and the corresponding cross with BSIO; i.e., BS11(M)C6 and 
BS10(M)C6 X BS11(M)C5. The wrong seed was inadvertently 
planted in the breeding nursery for seed increase and for 
making the population cross with BS10(M)C6. In the grouping 
made for the analyses, therefore, the first group included 10 
entries and the other two groups had nine entries. 
Significant (P ^ 0.05 or P ^  O.Ol) differences among en­
tries were detected for all traits measured except percentage 
of dropped ears. Highly significant variation due to environ­
ment was observed also for all traits except percentage of 
dropped ears. Interactions of entries with environments, 
however, were significant only for yield and ears per plant. 
The coefficient of variability (C.V.) values for yield, ears 
per plant, and days to silk were within range of most tests 
involving similar materials. The other traits, however, 
had very large C.V.'s. 
BSlO populations, which included the entries in Group 1, 
differed significantly in yield, ears per plant, days to silk. 
Table 7. Analyses of variance for six traits from population and population cross data combined 
over all environments 
Mean squares^ 
Source of Ears per Days to Root Stalk Dropped 
variation d.f. Yield plant silk lodging lodging ears 
Environments 5081.11** 
(6) 
0.566** 
(5) 
788.39** 
(2) 
1713.28** 
(3) 
8556.35** 
(3) 
137.29 
(3) 
Rep/environments 25.39 
(14) 
0.022 
(12) 
3.28 
(6) 
89.40 
(8) 
162.95 
(8) 
13.68 
(8) 
Entries 27 347.99** 0.219** 27.18** 60.94* 189.28** 11.35 
Group 1 9 123.55** 0.325** 26.87** 55.94 259.80** 13.04 
Linear 2 194.78* 1.158** 79.98** 75.42 978.85** 9.02 
Ave linear 1 127.00 1.659** 116.96** 38.09 1385.20** 8.42 
Among s 
Déviations 
1 262.56* 0.656** 43.00** 112.75 570.49** 9.63 
7 103.20/' 0.087** 11.48** 55.32 53.29 10.42 
Group 2 8 80.56 0.152** 29.15** 82.03* 198.53** 12.35 
Linear 2 111.70 0.513** 31.66*^v 184.94** 554.15** 5.55 
Ave linear 1 64.76 1.026** 32.50** 239.50** 98.82 2.59 
Among b^j's 
Deviations 
1 158.65 0.000 30.82** 130.37* 1009.48** 8.50 
6 70.18 0.031 28.31** 47.73 79.99 13.10 
Group 3 8 105. 97* 0. 204** 21 .76** 42. 58 170. 87* 12. 57 
Linear 2 361. 68** 0. 715** 49 .32** 83. 77 348. 26* 23. 36 
Ave linear 1 85. 65 1. 042** 72 .41** 71. 06 78. 01 39. 11 
Among b^j's 1 637. 70** 0. 387** 26 .24** 96. 47 618. 50** 7. 62 
Deviations 6 20. 73 0. 033 12 .57** 28. 86 111. 75 8. 97 
Among groups 2 3569. 84** 0. 182** 55 .93** 84. 98 3. 30 0. 78 
Entries x environments 44. 32** 0. 025** 1 .96 34. 18 73. 87 11. 18 
(162) (135) (54) (81) (81) (81) 
Pooled error 39. 21 0. 021 1 .63 36. 78 81. 86 11, 10 
(378) (324) (162) (216) (216) (216) 
C.V. (7o) 9. 85 10.53 4 .90 70. 03 40. 87 114. ,88 
^Number in parentheses indicates degrees of freedom for the specific trait. 
*,**Significant at the 5% and 17c probability levels, respectively. 
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and percentage of stalk lodging. The observed variations 
were largely explained for most of these traits by their re­
gressions on cycles of the two selection procedures, recipro­
cal full-sib selection (RFS) and mass selection (M). There 
were significant differences between the two methods for linear 
response for each of the four characters; the average linear 
regression, however, was not significant for yield. The 
deviations from linear regression were significant for yield, 
ears per plant, and days to silk, hence, a quadratic model was 
subsequently fitted. Significant quadratic response for ears 
per plant and days to silk were detected. However, there was 
no indication of quadratic response over cycles for yield. 
The quadratic response for ears per plant was quite small 
relative to the linear response and was not considered for 
further analysis. The quadratic response for days to silk 
was also smaller than the linear response but too large to be 
ignored. 
Significant variations among BSll populations (Group 2) 
were detected for ears per plant, days to silk, and percent­
ages of root and stalk lodging but not for yield. Linear re­
sponse was highly significant for ears per plant but there was 
no evidence that it differed between RFS and M. Significant 
linear responses, which were different for the two methods, 
were detected for both root and stalk lodging. Deviation mean 
square was significant only for days to silk and further 
analysis revealed a highly significant quadratic response for 
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this trait. This seemed to be the main type of response for 
this trait as indicated by a higher mean square relative to 
that of the linear response. Responses differed for the two 
methods of selection. 
The population crosses (Group 3) also differed signifi­
cantly for all traits except percentage of root lodging. 
Linear responses were significant and varied between the two 
methods of selection. As in populations per se (Groups 1 and 
2), days to silk showed a highly significant quadratic response 
in the hybrid populations. Deviations from linear regression 
were not significant for other traits. 
The differences among the three groups of entries were 
highly significant for yield, ears per plant, and days to 
silk. This was expected because of differing genetic materi­
als included in the three groups. 
"When the variation among entries is largely accounted for 
by linear regression, the response per cycle of selection is 
best estimated by the regression coefficients. Regression 
coefficient estimates are given in Table 8 along with the 
observed (Y) and estimated (Y) entry means for yield, ears per 
plant, days to silk, and percentage of stalk lodging. The re­
gression coefficient is a measure of the average response on 
a per cycle basis. Since it takes two years to complete one 
cycle of reciprocal full-sib selection (assuming use of winter 
nurseries for the recombination phase of the procedure) and 
one year for mass selection, response is better expressed as 
Table 8. Observed (Y) and estimated (Y) mean grain yield, ears/plant, days to 
silk, and stalk lodging for the original and derived populations of 
BSIO and BSll from reciprocal full-sib selection for yield and mass 
selection for prolificacy 
Yield Ears/plant Days to silk Stalk lodging 
— A — A — A — A 
Entries Y Y Y Y Y Y Y Y 
q/ha no no . %• 
BSIOCO 59.9 60.4 1.06 1.18 24.8 24.5 19.2 19.9 
BS10(FR)C1 61.5 61.1 1.26 1.26 23.0 23.8 19.7 19.3 
BS10(FR)C2 62.8 61.7 1.36 1.34 23.5 23.7 18.5 18.6 
BS10(FR)C3 60.0 62.4 1.38 1.42 24.8 24.2 15.3 18.0 
BS10(FR)C4 64.1 63.0 1.52 1.50 24.7 25.3 19.3 17.4 
BS10(M)C2 63.4 60.1 1.35 1.26 26.1 26.1 21.0 21.8 
BS10(M)C4 57.4 59.8 1.36 1.34 27.8 26.9 24.4 25.7 
BS10(M)C6 57.2 59.4 1.46 1.42 27.5 26.9 24.4 25.7 
BS10(M)C8 58.5 59.1 1.43 1.50 27.2 26.1 30.0 27.6 
BS10(M)C10 60.9 58.7 1.51 1.58 27.1 24.5 27.3 29.5 
b^^-value^ 0.64 ± 0.61 0.08 ± 0.02 -1.00 ± 0.60 -0.63 ± 0.58 
bi2-value -0.17 ± 0.24 0.04 ± 0.01 1.00 ± 0.20 0.96 ± 0.23 
bg^-value - - 0.30 ± 0.20 -
b22-value - - -0.10 0.02 -
R2 0. 35 0. 79 0. 93 0. 84 
BSllCO 58.2 61.4 1.17 1.24 29.5 29.3 27.4 24.3 
BS11(FR)C1 64.2 61.9 1.28 1.27 25.3 25.8 23.7 22.3 
BS11(FR)C2 62.7 62.4 1.33 1.30 24.1 24.5 20.2 20.2 
BS11(FR)C3 63.1 62.9 1.28 1.33 26.1 25.1 15.6 18.2 
BS11(FR)C4 62. 8 63.4 1.34 1.36 27.4 27.9 17.7 16.1 
BS11(M)C2 
BS11(M)C4 
BS11(M)C8 
BS11(M)C10 
b^^-value 
bi2-value 
bg^-value 
bgg-value 
BSIOCO X BSllCO 
BS10(FR)C1 X BS11(FR)C1 
BS10(FR)C2 X BS11(FR)C2 
X BS11(FR)C3 
X BS11(FR)C4 
X 
BS10(FR)C3 
BS10(FR)C4 
BS10(M)C2 
BS10(M)C4 
BS10(M)C8 
BS10(M)C9 
b^^-value 
bi2-value 
b^l-value 
b22~value 
R^ 
BS11(M)C2 
X BS11(M)C4 
X BS11(M)C8 
X BS11(M)C9 
61.9 61.1 1 .33 1 .30 27.7 27.6 20.6 24.5 
62.3 60.9 1 .35 1 .36 26.4 26.7 23.5 24.7 
60.9 60.4 1 .46 1 .48 27.9 27.6 26.7 25.2 
59.1 60.1 1 .48 1 .54 29.3 29.4 25.5 25.4 
0.51 ± 0.51 0 .03 ± 0 .010 -4.48 ± 0.73 -2.04 ± 0.72 
0.13 ± 0.20 0 .03 db 0 .004 -1.09 db 0.32 0.11 ± 0.28 
-
- 1.03 ± 0.18 -
— 
- 0.11 ± 0.03 -
0. 35 0. 85 0. 93 ( D. 70 
68.0 67.5 1 .20 1 .25 25.8 25.7 25.3 23.3 
67.2 68.7 1 .34 1 .31 23.4 24.0 23.1 21.8 
69.2 69.8 1 .36 1 .37 23.4 23.4 19.8 20.2 
71.1 71.0 1 .42 1 .43 24.7 24.1 14.8 18.7 
72.8 72.2 1 .53 1 .49 25.8 26.1 20.0 17.2 
67.4 67.3 1 .34 1 .31 26.7 26.5 24.6 23.6 
68.6 67.0 1 .42 1 .37 24.7 27.0 19.4 23.9 
66.6 66.5 1 .44 1 .49 26.9 27.4 23.9 24.4 65 . 8 66.4 1 .55 1 .52 27.5 27.3 26.8 24.6 
1.17 ± 0.28 0 .06 0 .010 0.35 ± 0.56 
-1.53 ± 0.85 
0.12 ± 0.12 0 .03 ± 0 .005 0.45 ± 0.28 0.14 ± 0.36 
-
- 0.61 ± 0.13 -
— 
-
-0.03 0.03 -
( 3. 85 1 0. 87 0. 94 0. 51 
by and bgj are linear and quadratic regression coefficients, respectively (RFS 
for j=l ànd M for J=2); if quadratic response is not significant then the linear re­
determination estimates of gain per cycle j r2 = coefficient of 
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gain per year for the comparison to be on the same basis. 
For RFS, therefore, gain per year is obtained by dividing 
the estimated regression coefficient (b^^-value) by two and, 
for M, the gain per cycle is also the gain per year. Sig­
nificance of the b-values was determined using t-tests. The 
direct and correlated responses to the two methods are 
graphically presented in Figures 1 to 4. 
Reciprocal full-sib selection resulted in positive but 
nonsignificant gain in yield for BSIO and BSll. Mass selec­
tion for prolificacy did not produce a correlated response in 
grain yield; negative but nonsignificant regression coeffi­
cients were obtained for both varieties. Although RFS did 
not result in significant progress in the populations per se 
as measured by the regression coefficients, it did bring 
about highly significant improvement in yield for the popula­
tion cross (BSlOCn x BSllCn). Gain was 0.585 g/ha per year 
(Figure 1). Mass selection for prolificacy, on the other 
hand, did not have a significant change in the yield of the 
hybrid population throughout the 10 generations of selection. 
Mass selection for prolificacy was effective for increas­
ing the number of ears per plant in BSIO and BSll. Estimated 
rates of gain per year or cycle were highly significant (b = 
0.04 + O.OlO for BSIO and b = 0.03 ± 0.004 for BSll). Re­
ciprocal full-sib selection for yield also produced signifi­
cant correlated responses in prolificacy. Gain per year in 
BSll was about half of that of direct mass selection for 
Figure 1. Grain yield response of BSlO and BSll populations 
per se and in variety cross to reciprocal full-
sib selection for yield and mass selection for 
prolificacy 
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Figure 2. Ears per plant response of BSIO and BSll popula­
tions per se and in variety cross to reciprocal 
full-sib selection for yield and mass selection 
for prolificacy 
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Figure 3. Days to silk response of BSlO and BSll popula­
tions per se and in variety cross to reciprocal 
full-sib selection for yield and mass selection 
for prolificacy (see Table 8 for b-values) 
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Figure 4. Stalk lodging response of BSlO and BSll popula­
tions per se and in variety cross to reciprocal 
full-sib selection for yield and mass selection 
for prolificacy 
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increased number of ears. However, RFS was as effective as 
mass selection for prolificacy in increasing ears per plant 
in BSlO and in the hybrid population (as indicated by respec­
tive regression lines shown in Figure 2). The effectiveness 
of RFS for increasing prolificacy could be expected because 
selection pressure for two ears was applied when making plant-
to-plant crosses; plants chosen as parents were always those 
bearing more than one productive ear. 
Mass selection for prolificacy produced significant quad­
ratic responses for days to silk in BSlO and BSll. The mag­
nitudes of response were similar but in opposite directions; 
earliness in BSll and lateness in BSlO during the first five 
cycles and vice versa during the next five cycles (Figure 3). 
Correlated response of days to silk to reciprocal full-sib 
selection for yield was not significant in BSlO. However, 
RFS effected a sharp decrease in days to silk for BSll after 
two cycles of selection; an increasing trend was noted in 
subsequent cycles. It seems, therefore, that, for BSll, the 
two procedures produced responses of similar directions; the 
rate, however, was faster for RFS. In the population cross, 
only RFS caused significant change (a quadratic response) in 
this trait. The response was similar to that obtained for 
BSll. 
No significant correlated response for percentage of 
stalk lodging to RFS was obtained in BSlO (Figure 4). 
However, a significant linear response was obtained in BSll; 
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percentage of stalk lodged plants decreased by about 1% each 
year. Mass selection for increased number of ears resulted 
in poorer stalk quality for BSlO; percentage of stalk lodging 
increased 1% per year. There was, however, no correlated re­
sponse observed for this trait in BSll. In the hybrid popula­
tion, both methods did not produce significant responses, al­
though there was some indication of decreasing percentage of 
stalk lodging due to reciprocal full-sib selection. 
Heterosis based on the midparent value was computed 
using the estimated entry means in Table 8. Results showed 
small but consistent increase in heterosis for both yield and 
ears per plant from CO to C4 cycle of reciprocal full-sib 
selection (Table 9). Yield heterosis remained the same 
throughout the nine generations of mass selection for pro­
lificacy; heterosis for ears per plant, however, showed a de­
creasing trend. 
Effect of Reciprocal Full-sib Selection on Genetic 
Variation in BSlO and BSll 
Analyses of variance for the lO sets of S^ lines pooled 
for each experiment (environment) are shown in Tables 10 to 
12. Coefficient of variability (C.V.) values were similar for 
three of the experiments. Experiment 79036 had a lower C.V. 
compared to the other three because it was conducted in a 
relatively more productive environment resulting in a higher 
mean for the experiment; experimental error was also 
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Table 9. Estimates of midparent heterosis in the original 
and derived population crosses for yield and ears 
per plant 
Heterosis 
Yield Ears per plant 
Population cross q/ha % no. % MP 
BSIOCO X BSllCO 6.60 10.8 0.040 3.3 
BS10(FR)C1 X BS11(FR)C1 7.20 11.7 0.045 3.6 
BS10(FR)C2 X BS11(FR)C2 7.75 12.5 0.050 3.8 
BS10(FR)C3 X BS11(FR)C3 8.35 13.3 0.055 4.0 
BS10(FR)C4 X BS11(FR)C4 9.00 14.2 0.060 4.2 
BS10(M)C2 X BS11(M)C2 6.70 11.1 0.030 2.3 
BS10(M)C4 X BS11(M)C4 6.65 11.0 0.020 1.5 
BS10(M)C8 X BS11(M)C8 6.75 11.3 0.000 0.0 
BS10(M)C9 X BS11(M)C9 6.80 11.4 -0.005 -0.3 
^MP = midparent value. 
substantially lower than in other experiments indicating a 
better control of environmental variation. Results showed 
highly significant variation among and within the four popula­
tions of lines for all three traits (yield, ears per plant, 
and days to silk) in each environment. Comparisons between 
the CO-derived and the C4-derived lines were also significant 
for both varieties. These results, however, excluded the 
possible effects of genotype-environment interaction. 
Table lO. Analysis of variance, means, and C.V.'s for grain yield of lines 
pooled over sets for each of four environments 
Mean squares 
Source of variation d.f. 78035 78036 79035 79036 
Set 9 255.50 186.86** 348.67* 90.77 
Rep/set 10 188.34 19.73 92.73 53.51 
Lines/set 390 215.42** 288.83** 199.04** 289.13** 
BSIOCO (P^) 90 162.17** 190.29** 160.29** 228.24** 
BS10(FR)C4 (Pg,) 90 194.85** 318.65** 163.21** 288.28** 
BSllCO (Pg) 90 190.37** 268.58** 138.07** 262.74** 
BS11(FR)C4 (P^) 90 198.96** 242.41** 221.18** 326.35** 
Among populations 30 561.42** 694.99** 539.35** 441.88** 
Pi ^2 10 356.29** 633.58** 213.70** 402.19** 
P3 vs P4 10 1065.80** 1251.81** 1308.07** 769.60** 
10 262.18** 199.58** 96.29 153.84** 
Pooled error 390 60.39 58.96 63.60 52.90 
Mean 43.63 45.17 44.94 58.78 
C.V. (%) 17.81 17.00 17.74 12.37 
*,**Significant at 5% and 1% probability levels, respectively. 
Table 11. Analysis of variance, means, and C.V.'s for ears per plant of lines 
pooled over sets for each of four environments 
Mean squares 
Source of variation d.f. 78035 78036 79035 79036 
Set 9 0.40* 0.37** 0.36 0.13* 
Rep/set 10 0.11 0.06 0.14 0.04 
Lines/set 390 0.35** 0.52** 0.33** 0.31** 
BSIOCO (P^) 90 0.15** 0.20** 0.18** 0.13** 
BS10(FR)C4 (Pg,) 90 0.28** 0.43** 0.23** 0.25** 
BSllCO (P^) 90 0.36** 0.54** 0.29** 0.35** 
BS11(FR)C4 (P^) 90 0.24** 0.38** 0.26** 0.20** 
Among populations 30 1.50** 2.11** 1.42** 1.30** 
Pi ^2 10 3.03** 3.70** 2.94** 3.01** 
P3 vs P4 10 1.36** 2.18** 1.19** 0.62** 
10 0.12 0.45** 0.12 0.26** 
Pooled error 390 0.08 0.08 0.11 0.04 
Mean 1.48 1.55 1.63 1.47 
C.V. (%) 19.11 18.25 21.68 13.60 
*,**Significant at 5% and 1% probability levels, respectively. 
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Table 12. Analysis of variance, means, and C.V.'s for days 
to silk of lines pooled over sets for each of 
t"wo environments 
Source of variation d.f. 
Mean 
78036 
squares 
79036 
Set 9 29.77** 60.24** 
Rep/set 10 2.53 8.26 
Lines/set 390 26.14** 18.18** 
BSlOCO (P^) 90 18.39** 16.80** 
BS10(FR)C4 (Pg) 90 26.54** 14.46** 
BSllCO (Pg) 90 11.64** 9.57** 
BSll(FR)Cj (Pj) 90 15.01** 11.35** 
Among populations 30 125.09** 79.88** 
?! vs Pz 10 23.74** 14.93** 
P3 vs P4 10 140.62** 105.51** 
10 210.91** 119.21** 
Pooled error 390 2.23 1.48 
Mean 25.06 32.44 
C.V. (%) 5.96 3.75 
••Significant at 1% probability level. 
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Analyses of variance combined over environments for 
each of the 10 sets (Tables 13 to 15) and pooled over sets 
(Table 16) were also obtained. The C.V.'s were comparable to 
most maize experiments involving lines. Highly signifi­
cant differences among lines within each set occurred for all 
traits. This was expected because of the heterogeneity of the 
materials tested; i.e., lines derived from different versions 
of two different varieties. Partitioning the sum of squares 
for lines into components gave information on the variation 
attributable to differences among populations and among lines 
within each population. Results showed significant mean 
squares (P < 0.05 or P 5 O.Ol) for lines within each popula­
tion for yield, ears per plant, and days to silk in most of 
the sets. Corresponding mean squares in the analysis of vari­
ance combined across environments and pooled over sets were 
all significant at 1% probability level (Table 16). Further 
subdivision of sum of squares due to population differences 
indicated significant differences between the lines de­
rived from the original population (CO) and those derived 
from the advanced (C4) population of both varieties. The 
magnitude of the differences between the CO- and C4-derived 
lines varied significantly between the two varieties in only 
a few of the sets. This comparison (i.e., P^pPg vs P^»?^)» 
however, was significant at 5% level for yield and 1% level 
for ears per plant and days to silk when the sets were pooled. 
Lines-environment interactions were significant for all traits 
Table 13, Analysis of variance, means, and C.V. 's for grain yield re­
corded on 40 lines for each of 10 sets combined over four 
environments 
Mean squares 
Duurce or 
variation d.f. 1 2 3 4 
Environments (E) 3 5714.62** 4973.47** 3936.52** 4124.21** 
Rep/E 4 184.82 78.86 59.31 20.06 
Lines (L) 39 692.95** 845.20** 563.59** 998.90** 
BSIOCO (P^) 9 264.54* 662.99** 248.87** 341.50** 
BS10(FR)C4 (Pg) 9 993.26** 1227.33** 239.50** 444.24** 
BSllCO (P3) 9 619.38** 549.31** 300.48** 800.41** 
BS11(FR)C4 (P.) 9 632.79** 1033,03** 656.17** 2292,91** 
^2 1 
431.65* 152.94 286.84* 973.77* 
P3 vs P^ 1 3507.29** 1314.69** 8643.31** 3048.95* 
h ' ^ 2  vs P3.P4 1 496.43 241,29 44.90 22.76 
L X E 117 70.88* 89.96 68.64** 69.97* 
P ^ x E  27 101.83** 49.52 30.48 47.72 
P2 X E 27 57.47 150.12** 65.51 83,56* 
P g X E  27 46.97 96,43 94.85** 52.59 
P^ X  E 27 76.20 71.18 72.28* 82,55* 
^1 V® ^2 X  E 3 20.95 25,52 20.64 95.02 
P3 vs P^ X  E 3 39.92 11.90 99.71 115.33 
^ l ' ^ 2  vs Ps.P. X E 3 161.40* 165.86* 188.57** 120.86 
Pooled error 156 52.43 73.53 45.00 49.58 
Mean 45.65 48,87 46.72 48.67 
C.V. (%) 15.86 17.55 14.36 14,47 
*,**Significant at 5% and 1% probability levels, respectively. 
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for each set 
5 6 7 8 9 10 
4135.84** 4088.03** 3082.70** 3322.78** 4988.88** 3783.15 
84.02 43.02 82.44 38.95 68,51 225.77 
559.42** 994.93** 610.17** 626.38** 586.29** 716.04** 
357.21** 314.82** 433,37** 1044.18** 569.36** 917.72** 
407.56* 241.02 340.55** 642.67** 383.03** 647.85** 
623.29** 1493.49** 622.50** 226.40 954.32** 547.88** 
550.70** 581.72** 487,01* 525.94** 378.92** 278.25** 
331.26 2314.12* 2164.21* 1434.13* 1663.71* 3529.61 
3955.23** 11700.16** 3812.16** 1041.22 1507.68* 2594.68 
81.86 1108.75* 869.15* 0.56 23.27 276.04 
95.65** 93.60* 107.52** 102,24** 119.54** 92.11 
86.80* 75.55 116.43* 117.25** 60.32 65.85 
156.43** 120.13* 73.20 100.18* 96.87* 140.05** 
55.90 131.09** 89.00 105.36* 201.74** 96.87* 
80.73 58.16 144.97** 69.12 125.86** 42.83 
109.66 144.11 203.32* 85.33 138.78 81.80 
3.47 6.98 97.76 200.17* 68.38 298.98 
198.52* 34.78 80.02 175.02* 91.69 101.22 
52.62 65.19 69.97 60.01 62.57 58.70 
47.94 48.74 48.59 49.18 49.01 47.93 
15.13 16.56 17.21 15,75 16.14 15.98 
Table 14. Analysis of variance, means, and C.V.'s for ears per plant re­
corded on 40 lines for each of 10 sets combined over four 
environments 
Source of 
variation 
Mean squares 
d.f. 1 2 3 4 
Environments (E) 3 0.16 0.19 0.15 0.33* 
Rep/E 4 0.17 0.04 0.26 0.03 
Lines (L) 39 1.13** 1.29** 0.99** 1.29** 
BSIOCO (P^) 9 0.42** 0.44** 0.49** 0.25** 
BS10(FR)C4 (Pg) 9 1.27** 2.51** 0,46** 0.88** 
BSllCO (P3) 9 0.54** 0.74** 0.58** 1.23** 
BS11(FR)C4 (P^) 9 1.05** 0.90** 0.42** 1.33** 
^2 
1 4.64** 6.78** 14.77** 13.89** 
Pg VS Pg 1 9.87** 0.75* 5.93* 2.71* 
^'^2 ^3'^4 1 0.02 1.57 0.46* 0.33 
L X E 117 0.07 0.12 0.10** 0.12** 
P ^ x E  27 0.08 0.07 0.05 0.04 
P2 X E 27 0.06 0.21** 0.15** 0.25** 
P^ X E 27 0.04 0.09 0.11* 0.05 
P^ X E 27 0.09* 0.09 0.10 0.14* 
P^ VS Pg X E 3 0.11 0.05 0.12 0.05 
P^ VS P^ X E 3 0.13 0.06 0.17* 0.16 
Pj^,P2 VS P^.P^ X E 3 0.02 0.22 0.02 0.09 
Pooled error 156 0.05 0.10 0.06 0.08 
Mean 1.38 1.52 1.51 1.54 
C.V. (%) 16.38 20.60 16.92 18.32 
*,**Significant at 5% and 1% probability levels, respectively. 
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for each set 
5 6 7 8 9 10 
0.84** 0.17 0.15* 0.15 0.38 0.12 
0.04 0.05 0.02 0.03 0.10 0.14 
1.40** 1.33** 0.86** 1.14** 1.03** 1.47** 
0.61** 0.35** 0.58** 0.63** 0.23** 0.61** 
2.07** 0.76** 0.72** 0.88** 0.43** 1.06** 
0.97** 1.34** 0.51** 0.51** 1.37** 1.06** 
0.79** 0.70** 0.45** 0.63** 0.60** 0.54** 
7.32* 13.25** 8.22** 16.76** 13.54** 24.49** 
6.75* 10.02** 4.80** 1.76 2.99** 3.52** 
0.69 0.04 0.15 2.07** 0.11 0.01 
0.12** 0.11** 0.12* 0.10 0.11 0.10* 
0.06 0.06 0.15* 0.06 0.05 0.04 
0.12 0.13** 0.10 0.10 0.12 0.19** 
0.06 0.14** 0.10 0.12 0.16* 0.11 
0.16** 0.09 0.13 0.11 0.11 0.07 
0.24* 0.06 0.08 0.05 0.20 0.08 
0.41** 0.12 0.05 0.22 0.09 0.10 
0.40** 0.21* 0.10 0.06 0.11 0.12 
0.08 0.06 0.09 0.09 0.10 0.07 
1.55 1.50 1.53 1.55 1.51 1.53 
17.84 16.90 19.58 19.72 20.79 17.62 
Table 15. Analysis of variance, means, and C.V.'s for days to silk re­
corded on 40 lines for each of 10 sets combined over two 
environments 
Mean squares 
ouurue or 
variation d.f. 1 2 3 4 
Environments (E) 1 1482.31** 1458.06** 2227.56** 2608.22** 
Rep/E 2 7.38 3.48 0.53 0.81 
Lines 39 35.18** 35.27** 49.13** 36.83** 
BSIOCO (P^) 9 18.85* 19.67** 32.06** 42.91** 
BS10(FR)C4 (Pg) 9 43.91** 10.79* 19.51** 24.67** 
BSllCO (Pg) 9 45.01* 66.45** 25.73** 51.39** 
BS11(FR)C4 (P4) 9 16.47** 10.52 17.07** 24.41** 
Pi VS Pg 1 88.20 74.11 27.61 8.45 
Pg VS 1 3.61 96.80 510.05 22.05 
P^.Pg VS Pg 
'^4 1 162.01 237.66 529.26 115.60 
L X E 39 4.50** 5.98** 3.81** 3.15** 
P^ X E 9 4.14* 2.78 2.12 5.58** 
Pg X E 9 2.29 3.10 1.50 2.25 
P3 X E 9 9.84** 5.80* 3.07 2.95* 
P X E 9 2.00 8.95** 2.01 1.86 
Pi VS Pg X E 1 0.45 0.01 7.81 1.80 
Pg VS P, X E 1 6.61 0.20 45.00** 6.05* 
Pl,P2 VS Pg .P4 X E 1 3.91 47.31** 17.56** 1.22 
Pooled error 78 1.82 2.58 2.50 1.70 
Mean 28.93 28.11 29.81 28.95 
C.V. (%) 4.66 5.72 5.31 4.50 
*,**Significant at 5% and 1% probability levels, respectively. 
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for each set 
5 6 7 8 9 10 
2898.51** 2665o06** 2197.81** 2433.60** 1762.26** 2318.01** 
4.28 0.03 1.76 0.32 30.63 4.73 
37.01** 46.50** 63.36** 33.06** 29.42** 40.47** 
48.39** 30.93** 46.96** 34.69** 12.39** 32.34** 
20.89** 21.73** 11.05* 16.11** 12.47** 9.72** 
14.40 19.91 31.79** 58.77** 23.90** 23.25* 
21.99** 11.40** 29.34** 7.50** 44.51** 55.25** 
0.11 3.20 70.31 30.01 3.20 30.01 
273.80 588.61 540.80 7.81 10.51 288.SO 
218.56 465.81 787.66 198.02 294.31 174.31 
3.52** 3.38** 3.74** 2.33 2.43** 4.17** 
1.88 2.68 2.11 3.85* 1.84 5.71* 
1.25 1.40 2.95 2.18 3.22* 1.08 
5.54* 7.22** 4.45* 2.38 2.39* 5.67* 
0.99 2.32 1.82 1.50 2.45* 1.25 
0.61 1.25 9.11* 0.01 0.45 30.01** 
26.45** 4.51 22.05** 1.51 0.11 6.05 
23.26** 3.31 12.66** 0.22 5.26* 3.31 
1.74 1.58 1.76 1.86 1.13 1.85 
29.38 28.86 28.78 27.75 28.13 28.83 
4.49 4.36 4.60 4.92 3.78 4.71 
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Table 16. Analysis of variance, means, and C.V.'s for yield, ears per 
plant, and days to silk of lines combined over 10 sets 
and four environments 
Mean squares 
Source of 
variation d.f. Yield 
Ears/ 
plant 
Days to 
silk^ 
Environment (E) 3 40734.37** 1.30* 21785.76** 
(1) 
Set/E 36 220.45 0.31 45.00 
(18) 
Rep/set/E 40 88.58 0.09 5.40 
(20) 
Lines/set 390 719.39** 1.19** 40.62** 
BSIOCO (P^)/set 90 515.46** 0.46** 31.92** 
BS10(FR)C4 (P^)/set 90 546.70** 1.10** 19.09** 
BSllCO (P^)/set 90 673.75** 0.89** 36.06** 
BS11(FR)C4 (P2)/set 90 741.75** 0.74** 23.85** 
Pi vs Pg/set 10 1328.22** 12.36** 33.52** 
Pg vs P^/set 10 4112.53** 4.91** 234.28** 
^l'^2 Pg'P^/set 10 316.50* 0.55** 318.32** 
^ata on days to silk were taken from two environments only. 
Numbers in parentheses are the degrees of freedom for corresponding 
sources of variation. 
*,**Significant at 5% and VU probability levels, respectively. 
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Table 16. (Continued) 
Mean squares 
Source of Ears/ Days to 
variation d.f. Yield plant silk 
Lines/set x E 1170 91.01** 0.11** 3.70** 
(390) 
P /set X E 270 75.17** 0.06 3.27** 
(90) 
P /set X E 270 104.35** 0.14** 2.12 
(90) 
P./set X E 270 97.08** 0.10** 4.93** 
(90) 
P,/set X E 270 82.39** 0.11** 2.51* 
(90) 
P vs P /set X E 30 92.51 0.11 5.52** 
(10) 
P_ vs P,/set X E 30 94.26 0.15** 11.85** 
^ " (10) 
P^,P vs P ,P,/set X E 30 131.79** 0.13** 11.80** 
(10) 
Pooled error 1560 58.96 0.08 1.85 
(780) 
Mean 48.13 1.51 28.75 
C.V. (7o) 15.95 18.64 4.73 
67 
in majority of the sets; these, however, were all highly-
significant in the combined analyses across sets. When par­
titioned into components, lines-environment interaction 
mean squares were not significant only for ears per plant 
among BSlOCO (P^) lines and for days to silk among BS10(FR)C4 
(P^) lines. Highly significant interactions were obtained 
among lines and environments for yield in all populations. 
The main objective of this aspect of the study was to 
determine the effect of reciprocal full-sib selection on the 
magnitude of the variance components. Estimates of these 
components were obtained from the analyses of variance of 
data pooled over sets and combined across environments. All 
estimates of genetic variance (a^) exceeded twice their stan­
dard errors (Table 17). Estimates for BSll were generally 
higher than those for BSlO. Comparison of the estimates of 
2 between the CO and C4 showed no significant change in 
XJ 
genetic variance for yield due to reciprocal full-sib selec­
tion in either variety. (Any two estimates were considered 
significantly different from each other if the difference 
exceeded the sum of their respective standard errors.) 
There was also no significant difference in genetic variance 
for ears per plant between the two versions of BSll. However, 
a significant increase in magnitude of cr^ for ears per plant 
was detected in BSlO after four cycles of reciprocal full-sib 
selection. Genetic variance for days to silk decreased by 
almost one-half in BSlO and by about one-third in BSll. 
2 Table 17. Estimates of variance components, heritability (h ), and genetic 
coefficient of variation (G.C.V.) for yield, ears per plant, and 
days to silk in each population of lines 
Trait Population 4  
h2 
G.C.V, 
(%) 
Yield BSIOCO 55.03 ± 9.51 8.93 i: 3.90 0.85 16.01 
BS10(FR)C4 55.29 10.10 23.61 ± 4.90 0.81 14.60 
BSllCO 72.08 ± 12.43 14.46 ± 4.90 0.86 19.79 
BS11(FR)C4 82.42 ± 13.68 14.20 4.10 0.89 17.34 
Ears/plant BSIOCO 0.05 ± O.Ol 0.01 ± 0.00 0. 86 17.98 
BS10(FR)C4 0.12 ± 0.02 0.02 ± 0.01 0.87 19.46 
BSllCO 0.10 ± 0.02 0.01 ± 0.00 0.89 23.41 
BS11(FR)C4 0.08 ± 0.01 0.01 ± 0.00 0. 85 16.82 
Days to silk BSIOCO 7.16 ± 1.18 0.91 ± 0.20 0. 89 9.80 
BS10(FR)C4 4.24 ± 0.71 0.44 ± 0.20 0.88 7.08 
BSllCO 7.78 ± 1.33 1.32 ± 0.40 0. 86 8. 89 
BS11(FR)C4 5.33 ± 0. 88 0.47 ± 0.20 0.89 8.01 
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The line-environment interaction variances for yield and 
ears per plant were essentially similar before and after se-
2 lection in BSll. For these same traits, however, _ in-
creased significantly after selection in BSlO. As observed in 
corresponding genetic variance, the interaction component for 
days to silk also showed a reduction in both varieties. 
2 Estimates of heritability (h ) and genetic C.V. also are 
included in Table 17. Genetic C.V. was computed as the genetic 
2 
standard deviation expressed as percentage of the mean and h 
was calculated as the ratio + a^g/e + a^/er), where 
2 2 2 CTL» ^ are as defined previously, and e and r are the 
number of environments and replications, respectively. No sig-
2 
nificant changes occurred in h for the three traits after 
selection. There were some small reductions in genetic C.V. 
except for ears per plant, where an increase occurred in BSlO. 
A reduction in G.C.V. would be expected if there was an in­
crease in mean while genetic variance decreased or remained 
the same after selection. 
Phenotypic and genotypic correlations among traits were 
estimated for each population to determine if reciprocal full-
sib selection altered their relationships (Table 18). Geno­
typic correlations were in most cases, similar in magnitude 
to the corresponding phenotypic correlations. Estimates of 
genotypic correlations were considered significantly different 
from zero if they exceeded twice their standard errors (assum­
ing that genotypic correlations are normally distributed). 
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Table 18. phenotypic and genotypic correlations^ among 
traits for each population 
Trait Population Ears per plant Days to silk 
Yield BSIOCO 
BS10(FR)C4 
BSllCO 
BS11(FR)C4 
Days to silk BSIOCO 
BS10(FR)C4 
BSllCO 
BS11(FR)C4 
0.70** 
0.70 ± 0.06 
0.75** 
0.76 ± 0.05 
0.81** 
0.81 ± 0.04 
0.67** 
0.67 ± 0.07 
-0.18 
-0.20 ± 0.12 
-0.03 
0.04 ± 0.14 
- 0 . 2 3 *  
-0.27 ± 0.12 
-0.24* 
-0.27 ± 0.12 
0.00  
-0.02 ± 0.13 
-0.02 
0.04 ± 0.12 
-0.06 
-0.07 ± 0.13 
-O.Ol 
-0.00 ± 0.13 
^Upper figures are phenotypic correlations and bottom 
figures are genotypic correlations and their standard errors. 
*,**Significant at 5% and 1% probability levels, 
respectively. 
Two estimates were considered different from each other if 
the difference was greater than the sum of their respective 
standard errors. Yield was positively and highly correlated 
with ears per plant in both populations. Both phenotypic and 
genotypic correlations between these two traits in BSIO did not 
significantly change after selection. There was, however, a 
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significant reduction in magnitude of these correlations (r -
0.81 ± 0.04 in CO versus r = 0.57 ± 0.07 in C4) in BSll as a 
result of reciprocal full-sib selection. Significant correla­
tion between days to silk and yield was detected only in BSll. 
The genetic correlation was negative but low and there was no 
evidence that this correlation had been changed by RFS. No 
correlation, either phenotypic or genotypic, was observed be­
tween ears per plant and days to silk. 
Comparative Performance of CO- and C4-Derived 
Lines of BSlO and BSll 
Mean performance of the unselected S^ lines can be used 
to evaluate progress from the four cycles of reciprocal full-
sib selection (apart from the yields of the populations which 
were evaluated in the first part of the study). This is pre­
sented along with that of populations per se (for purposes of 
comparison) in Table 19. The means indicated are averages 
over all environments where data were taken for particular 
traits. Reciprocal full-sib selection resulted in signifi­
cant gain for both varieties as indicated by significantly 
higher mean yields of the C4-derived lines relative to those 
from the original population. Large correlated responses for 
ears per plant were also obtained for both populations. Re­
ciprocal full-sib selection did not significantly change the 
time of flowering of BSlO lines; however, a significant change 
for earliness was detected for BSll. 
Table 19, Mean performance of original and improved populations of BSIO and BSll 
and their corresponding 5^ lines 
Trait 
Populations 
Populations per se % of CO 
S2 Inbreeding 
lines %  o f  CO effects^ 
Yield 
Ears/plant 
Days to silk 
BSIOCO 
BSIO(FR)04 
BSllCO 
BS11(FR)C4 
BSIOCO 
BS10(FR)C4 
BSllCO 
BS11(FR)C4 
BSIOCO 
BS10(FR)C4 
BSllCO 
BS11(FR)C4 
q/ha 
59.96 
64.14 
58.16 
62.77 
No. 
1.06 
1.52 
1.17 
1.34 
24.78 
24.67 
29.55 
27.44 
106.97 
107.93 
143.40 
114.53 
99.56 
92.86 
q/ha 
46.34 
50.93 
42.89 
52.36 
No. 
1, 
1, 
1, 
1, 
24 
78 
34 
67 
27.10 
27.70 
31.38 
28.83 
109.90 
122.08 
143.55 
124.63 
102.21 
91.87 
77.28 
79.40 
73.74 
83.41 
116.98 
117.10 
114.53 
124.63 
109.36 
112.28 
106.19 
105.06 
^Performance of lines expressed as percentage of that of population per se. 
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Evaluation of populations per se from reciprocal full-sib 
selection showed positive but nonsignificant average response 
for yield per cycle (as measured by the regression coeffi­
cient) in each population. Comparison of the mean yield for 
the CO and the C4, however, showed a total response which was 
significantly different from zero (L.S.D.Q = 3.78). This 
difference between the CO and C4 populations per se could be 
compared with the corresponding progress as measured in the 
line performance. In terms of percentage increase over the 
CO, progress in yield and ears per plant was similar as mea­
sured in populations per se and in selfed population for BSIO; 
larger increases, however, were noted for lines than for 
the corresponding populations per se for the same traits in 
BSll. Similar rates of change in days to silk were observed 
for the two measures of total gain from RFS in either popula­
tion. 
The means of the S^ lines were expressed as percentages 
of the SQ population mean to obtain a measure of the inbreed­
ing depression that had occurred after one generation of self-
ing. These also are shown in Table 19. Reduction in yield 
ranged from 16.6% in BS11(FR)C4 to 23% in BSIOCO. Inbreeding 
depression was lower among S^ lines derived from the improved 
population. The difference was particularly pronounced in 
BSll where the CO- and C4-derived S^ lines showed approximate­
ly 0.30 q/ha and 0.20 q/ha reduction per 2% increase in homo­
zygosity, respectively. It should be noted, however, that 
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significance of the difference could not be tested since the 
lines and populations were included in separate evaluation 
trials. Compared to the SQ populations, the lines were 
more prolific. Ears per plant in lines increased by 17% 
over the SQ in both versions of BSlO; in BSll, ears per plant 
were higher in the C4 (24%) than in the CO (14%). The 
lines also flowered later than the noninbred population; there 
was, however, little difference between the CO- and C4-derived 
lines of either population. 
Results which have been presented so far dealt with 
the magnitude of improvement from reciprocal full-sib selec­
tion. On the other hand, there is still the question of 
whether or not the method has resulted in increased probability 
of isolating superior lines from the two populations. To 
answer this question, the distribution of the lines would 
be a logical item to examine. 
Means over environments were obtained for each line and 
were used in constructing the frequency distributions graphi­
cally shown in Figures 5 to 7. There were no apparent changes 
in some of the properties of the yield distribution (e.g., 
kurtosis and skewness) in both populations after selection. 
However, there were significant shifts in the mean towards 
higher classes. For BSll, the mode of the improved population 
was one class higher than that of the original population. A 
common characteristic of the improved populations was the de­
creased frequency of lines in the lower classes (left tail) 
Figure 5. Frequency distributions of grain yield among CO- and C4-derived 
lines of BSlO and BSll (Xg^ = mean of lines which is indicated by 
arrow in the distribution; SD = standard deviation) 
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Figure 6. Frequency distributions of ears per plant among CO- and C4-derived 
lines of BSIO and BSll (Xg^ = mean of lines which is indicated by 
arrow in the distribution; SD = standard deviation) 
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Figure 7. Frequency distributions of days to silk among CO- and C4-derived 
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and a corresponding increase in the upper classes (right 
tail). Genetic variance, however, was not significantly 
affected by RFS (Table 17). 
Reciprocal full-sib selection for yield caused more pro­
nounced changes in the distribution of ears per plant and 
days to silk. A very striking difference between the original 
and improved populations of BSlO was the appearance in 
BS10(FR)C4 of very prolific lines forming new and higher 
classes not found in the original distribution. Results con­
firmed the increase in variability which was accompanied by 
considerable increase in mean after selection. For BSll, the 
distributions of ears per plant were similar for CO and C4 
populations except for a shift towards higher classes in the 
latter. There was no change in the mean for days to silk 
after selection in BSlO; however, variability was reduced. 
Distribution for days to silk in the original BSll population 
was markedly skewed to the left; this became more symmetric 
around the mean and appeared normal after selection. Re­
ciprocal full-sib selection resulted in increased frequency 
of early flowering lines for BSll. 
The means of the 10 highest yielding lines from the 
original and improved populations of the two varieties are 
given in Tables 20 and 21. Seven of the highest yielding 
lines from the C4 cycle of BSlO yielded equally or better 
than the highest ranking line from the CO population. The 
highest yielding line from the improved version of BSlO 
, 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
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Mean yield, ears per plant, and days to silk of 
the 10 highest yielding S, lines from CO and 04 
cycles of BSlO 
Trait 
Cycle Yield Ears/plant Days to silk 
q/ha no. no. 
CO 63.28 1.49 24.2 
C4 74.32 3.05 28.5 
CO 61.19 1.62 24.5 
C4 71.73 2.47 27.5 
CO 59.38 1.52 26.2 
C4 65.94 2.25 27.0 
CO 57.56 1.37 24.7 
C4 65.50 2.36 27.2 
CO 57.47 1.55 30.0 
C4 64.63 1.79 27.5 
CO 57.36 1.64 29.5 
C4 64.58 2.36 30.0 
CO 56.07 1.37 23.5 
C4 63.24 1.71 27.75 
CO 55.95 1.44 29.5 
C4 62.26 2.84 30.2 
CO 54.84 1.37 23.0 
C4 61.93 1.92 31.0 
CO 54.67 1.36 28.5 
C4 61.64 2.49 26.2 
CO 57.78 1.47 26.3 
C4 65.58 2.32 28.3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
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Mean yield, ears per plant, and days to silk of 
the lO highest yielding lines from CO and C4 
cycles of BSll 
Trait 
Cycle Yield Ears/plant Days to silk 
q/ha no. no. 
CO 73.87 2.05 32.7 
C4 96.38 2.33 24.5 
CO 66.90 2.20 28.0 
C4 77.13 1.70 24.7 
CO 60.79 1.88 30.2 
C4 70.11 2.08 27.7 
CO 59.40 2.02 32.5 
C4 67.11 2.25 28.7 
CO 57.58 1.60 30.7 
C4 63.59 1.65 24.7 
CO 57.26 1.68 27.5 
C4 63.31 2.10 25.2 
CO 55.69 1.85 34.0 
C4 63.26 2.14 29.0 
CO 54.90 1.86 32.0 
C4 63.22 1.64 26.0 
CO 54.76 1.18 31.5 
C4 62.63 1.88 26.2 
CO 54.40 2.17 31.7 
C4 62.37 2.11 31.7 
CO 
C4 
59.55 
68.91 
1.85 
1.99 
31.1 
26.9 
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exceeded the mean yield of all the lines from the original 
population by 60% compared to 30% for the best line from the 
CO. For BSll, only two lines from the C4 cycle exceeded the 
highest yielding line from the CO population. However, the 
lowest yielding line among the best 10 from the advanced 
population was superior to eight of the top 10 lines from the 
original. Furthermore, yield of the best performing line 
from the C4 population was more than twice the mean of all 
the lines from the CO population; this compared favorably 
to the highest ranking line from the cO which exceeded the 
mean by 72%. 
The trend observed for ears per plant of the 10 highest 
yielding lines was less consistent compared to that for yield. 
For BSlO, the best performing lines ranked mostly in the 
upper one-third to one-fourth of the CO population for ears 
per plant (ranks are not indicated in table); this changed 
in the C4 population where seven of the 10 best lines were 
also among the top 10 most prolific plants. This would in­
dicate that, in general, yield superiority of the lines from 
the advanced generation of BSIO was due to increased pro­
lificacy. The results in BSll were not, however, as consis­
tent as in BSIO. The highest yielding line in BS10(FR)C4 
flowered about four days later than its counterpart in BSIOCO. 
The opposite was true in BSll where the best line from the C4 
silked almost seven days earlier than the highest yielding 
lines from the CO. 
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The above results demonstrated that reciprocal full-
sib selection was effective in increasing the potential for 
the extraction of superior inbred lines from BSIO and BSll. 
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DISCUSSION 
Estimates of progress from reciprocal full-sib selection 
for grain yield were considerably lower than those indicated 
in earlier reports (Hallauer, 1973; Obilana et al., 1980). 
Estimates of the regression coefficients for the variety re­
sponses were not significantly different from zero. However, 
comparison of the observed mean for the CO and C4 cycle popu­
lations showed significant total response of 7,0% in BSIO and 
7.9% in BSll. Evaluation of response as selfed populations 
(i.e., in terms of the relative performance of unselected 
CO- and C4-derived S^ lines) reflected the results obtained 
in populations per se. The gain per cycle in the variety 
cross was significant (1.17 q/ha) but it was also much lower 
than the estimated gain (3.34 q/ha per cycle) obtained by 
Obilana et al. (1980) from their evaluation of the first three 
cycles. Such discrepancies may be due to sampling error and 
genotype-environment interactions. The effect of genetic 
sampling error would probably contribute little to the differ­
ences because of the large number of individuals in all the 
tests. Although the Iowa environments where evaluations were 
conducted varied with respect to some soil and climatic 
factors, the growing conditions in each of these environments 
were generally favorable. Appendix Tables A7 to A13 show the 
entry means for yield in each environment which reflect the 
highly significant genotype-environment interaction detected 
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in the combined analysis of variance. 
The gain per cycle observed in the variety cross was 
almost four times lower than the expected response. Expected 
gain which averaged about 4.3 q/ha per cycle was calculated 
using estimates of interpopulation genetic parameters ob­
tained by Obilana et al. (1979). Discrepancies between the 
expected and realized responses to selection are usually 
attributed to the following; (a) reduction in genetic varia­
bility; (b) linkage and epistatic effects; (c) inbreeding 
depression; and (d) genotype-environment interaction which 
masks selection response. 
Results of this study showed no appreciable change in 
genetic variance for grain yield due to selection in either 
variety (Table 17). There also was no evidence that inter-
population genetic variance had changed since no quadratic 
trend was shown by the observed gain in the population cross. 
The magnitude of bias introduced by epistatic and linkage 
effects is unknown. In the estimation of parameters which 
are involved in the prediction formula for expected genetic 
advance, these effects are assumed absent or negligible. The 
assumption of no epistasis may be valid as some studies have 
indicated. However, the same may not be true for linkage dis­
equilibrium because of limited generations of random mating. 
Level of inbreeding (F^) by the fourth cycle was expected 
to be about 11.4% in BSIO and 11.9% in BSll (Table 22). Using 
the estimates of inbreeding depression per 1% increase in 
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Table 22. Effective population size (Ng), inbreeding coeffi­
cient (F^), and expected inbreeding depression 
(I.D.) if there is no selection. 
BSIO BSll 
Cycle Ne' Ft" I.D. 
"e 
I.D. 
% q/ha % q/ha 
CO - 0.0 - - 0.0 -
CI 20.6 4.6 1.25 18.6 5.1 1.53 
C2 40.0 6.9 1.88 40.0 7.4 2.23 
C3 40.0 9.2 2.50 40.0 9.7 2.90 
C4 40.0 11.4 3.09 40.0 11.9 3.56 
= 2[N/(1+Fp)], where N = number of lines recombined; 
Fp = inbreeding coefficient of the parental plants of the 
lines. 
^F. = l/(N +1) + [l - (l/(Ne+l) )]f. , where t = cycle of 
selection. ® ^ 
homozygosity obtained from evaluation (0,27 q/ha in BSlO 
and 0.30 q/ha in BSll), the total expected inbreeding depres­
sions if no selection was practiced were 3.09 q/ha and 3.56 
q/ha in BSIO and BSll, respectively. These seem to be small 
but they can partly account for the lack of improvement in 
populations per se. More information on this could have 
been obtained if the CO x C4 crosses had been included. 
Of the possible factors contributing to the discrepancy 
between the observed and expected response, genotype-
environment interaction has probably the greatest effect. 
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Yield tests of full-sib progenies were conducted only in 
single year in limited (usually three) environments. There 
is the possibility, therefore, that genetic-environment 
interaction variance was underestimated or genetic variance 
overestimated (Eberhart et al., 1973). 
Initial evaluation of the effectiveness of reciprocal 
full-sib selection in BSIO and BSll indicated that increased 
prolificacy contributed significantly to the observed improve­
ment in yield (Hallauer, 1973). This was also apparent from 
the results of this study as evidenced by considerable in­
crease in the number of ears per plant from CO to C4. The 
net contribution of prolificacy, however, was unknown. The 
potential of increased prolificacy for yield improvement in 
each of the two varieties was explored by a mass selection 
program where the primary trait of selection was number of 
ears per plant. 
Mass selection for prolificacy in BSlO and BSll was not 
effective in improving grain yield of either variety. This 
result did not conform with those obtained by Lonnguist (1967) 
in 'Hays Golden', and Kincer and Josephson (1976) in 
' Jellicorse*. Several studies have shown the importance of 
plant population density in the expression of prolificacy 
(Russell, 1968; Prior and Russell, 1975). Lower plant popu­
lation densities tend to promote production of more than one 
ear. Lonnquist (1967) used low plant population density 
(about 20,000 plants per hectare) in his mass selection block 
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which vas about half of that used in the isolation field 
for BSlO and BSll in Ames. Hallauer (1974) conducted a study 
to determine the most desirable population density for se­
lecting two-eared genotypes. However, the estimates of heri-
tability he obtained failed to indicate the optimum density 
for the expression of variation in prolificacy. Sorrells 
et al. (1979) compared two population densities (17,200 vs 
34,400 plants per hectare) and concluded that a lower popula­
tion density would be more desirable for selection of pro­
lific plant types in the segregating populations they studied. 
Their conclusion was based on the higher GCA/SCA ratio for ear 
number and multi-eared weight index (MEWI) for the lower plant 
population density. 
If there is, however, a reason for the observed ineffec­
tiveness of mass selection for prolificacy in increasing yield 
in BSIO and BSll, it apparently could not be attributed to 
the possible limitation imposed by higher plant population 
density on the expression of prolificacy. Mass selection was 
effective for increasing prolificacy for both varieties. 
It could only be assumed that the increase in ear number was 
accompanied by a significant reduction in ear size resulting 
in less seed yield per ear. The relative contributions of the 
top and second ears to the total yield were not determined in 
this study. However, a decreasing contribution of the second 
ear would not be anticipated since the second ears were the 
only ones harvested and final selection was based on the 
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productiveness (evaluated visually) of the individual ears. 
The lack of response for yield with significant im­
provement in prolificacy was not expected because the two 
characters are highly correlated (Table 18 and other pre­
vious studies). One possible explanation for the observed 
result is the inbreeding that occurred during selection. 
Results of this study have shown that prolificacy significant­
ly increased upon inbreeding. This would explain the large 
responses obtained for ears per plant; yield, however, was 
slightly reduced or did not change at all presumably due to 
decreased ear size upon inbreeding. Clayton et al. (1957) 
noted the importance of random drift in influencing indirect 
effects of selection; this, however, could play a critical 
role only if the covariance was small. 
Another major factor which could contribute to the 
effectiveness of mass selection for prolificacy in improving 
yield is genotype-environment interaction. Since selection 
of genotypes to be included in the next cycle population 
was practiced in one environment, the genotype-environment 
interaction effect could not be accounted for under mass 
selection. The phenotypic expression in the selection en­
vironment is usually confounded in other environments. Mareck 
and Gardner (1979) attributed the yield reduction of recent 
cycles of mass selection in Hays Golden to genotype-
environment interaction. The mean yields of mass selected 
populations in each of seven environments are also shown in 
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Appendix Tables A7 to A13. 
The maize populations or varieties, where significant 
correlated response of yield to mass selection for prolifi­
cacy was observed, were generally of the single-eared type, 
i.e., the frequency of genes conditioning prolificacy was 
initially low. Harris et al. (1972) hypothesized that single-
earedness might be blocking the expression of superior yield 
genes. An increase in prolificacy reduces this suppressive 
action for better manifestation of the gene effects and, hence, 
the higher selective advantage for these genes. If this were 
true, selection for prolificacy would be expected to result 
in yield improvement in predominantly single-eared popula­
tions. The original populations of BSIO and BSll were de­
veloped by crossing or recombining germplasms with strong two-
eared tendencies; in the process of development, there was 
also a mild selection for prolific types. The BSlOCO and 
BSllCO populations, therefore, probably had higher frequency 
of genes for prolificacy (at least, compared to most single-
eared maize populations). It may be that gene frequency for 
prolificacy was high enough that the suppressive action of 
single-earedness had ceased to be an important factor. The 
implication is that there may be a "threshold" gene frequency 
beyond which the relationship described by Harris et al, 
(1972) no longer exists and other factors (such as the 
relationship of yield to ear size) tend to become more 
critical. 
Mass selection for prolificacy also did not improve the 
crossbred yield although it was as effective as reciprocal 
full-sib selection in increasing prolificacy in the variety 
cross. The differences in magnitude of the direct effect of 
reciprocal full-sib selection and indirect effect of mass 
selection were reflected in the differences in the estimated 
heterosis. Reciprocal full-sib selection resulted in small 
but consistent increase in heterosis for both yield and ears 
per plant. Mass selection for prolificacy, on the other 
hand, did not change yield heterosis; it, however, decreased 
the heterosis for ears per plant. Heterosis is a function of 
difference in gene frequencies and degree of dominance of the 
loci controlling the trait. If the degree of dominance 
remains the same, the observed change in heterosis would 
indicate difference in the rate of change in gene frequency 
between BSlO and BSll. Midparent heterosis is due to the 
higher frequency of desirable dominant loci in the hybrid 
population compared to that in the mean of the two parental 
populations (Center, 1973). The lack of change in yield 
heterosis after nine cycles of mass selection indicates that 
the selection procedure did not change the original fre­
quencies of desirable dominant genes in the variety cross. 
A decrease in heterosis for ears per plant in mass selected 
population crosses was a- consequence of increasing midparent 
value which was due mainly to the progress obtained in each 
variety for ears per plant. The rate of improvement for ears 
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per plant in the parents and, hence, in the midparent value, 
was faster than the rate of gain in the hybrid population. 
The lack of heterosis by the C8 cycle (Table 9) suggests that 
the parental populations differed primarily in additive genes. 
The increased heterosis in the variety cross after four 
cycles of reciprocal full-sib selection is an indication that 
the procedure has been effective in selecting for noradditive 
effects. The small increase in heterosis, however, would 
suggest that most of the improvement in the population cross 
was due to the improvement in the parental varieties them­
selves. The improvement in the performance of the variety 
cross with an increase in the performance of the parents them­
selves would be expected if the trait is controlled by genes 
with partial to complete dominance (Cress, 1967). 
The changes observed in days to silk after reciprocal 
full-sib selection for yield could not be regarded as "pure" 
correlated response. Results showed that RFS reduced signifi­
cantly the number of days to silk for BSll. This change in 
silking date could be attributed to selection of parents for 
making plant-to-plant crosses. The original BSlO population 
flowers five to seven days earlier than BSll. In making the 
full-sib crosses, therefore, mating would have included the 
earliest plants of BSll and, to a certain extent, the later 
plants of BSlOt Some form of assortative mating therefore had 
occurred. This explains, for the most part, the observed de­
crease in genetic variance after reciprocal full-sib 
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selection (Table 17). The changes in silking date from mass 
selection for prolificacy were different from those obtained 
from reciprocal full-sib selection particularly in BSlO 
(Figure 4). Since no direct selection pressure was applied 
for days to flower, the response would be a consequence of 
selection for prolificacy. Magnitudes of response were 
similar for BSlO and BSll but towards opposite directions. 
The decrease in percentage of stalk lodging in RFS-
derived populations could be attributed to selection for 
stalk quality in the breeding nursery. Mass selection re­
sulted in an increased percentage of stalk lodging in BSlO al­
though selection was against lodged plants (ears were har­
vested only from prolific and standing plants). The presum­
ably large genotype-environment interaction might have con­
tributed to these results. 
Comparison of the mean performance of unselected S^ lines 
from CO and C4 populations confirmed the significant accumu­
lated response noted in populations per se after four cycles 
of reciprocal full-sib selection. Similar trends of response 
from evaluations of populations per se and S^ lines were also 
noted for ears per plant and days to silk. The improvement 
realized for yield in the C4 cycle was accompanied by lower 
inbreeding depression among S^ lines. This suggests that re­
ciprocal full-sib selection increased the frequency of favor­
able dominant genes in each of the advanced populations 
(Falconer, 1960). These results are consistent with those 
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obtained in other studies involving evaluation of selfed 
populations or lines from improved populations (Burton 
et al., 1971; Center, 1971; Harris et al., 1972). 
The effect of inbreeding on ears per plant and date of 
silking vas different from that on yield. Prolificacy among 
lines was higher than in the Sq population of both BSlO and 
BSll. Increased prolificacy upon inbreeding was also ob­
served by Good and Hallauer (1977) in Iowa Stiff Stalk Syn­
thetic. This result led them to conclude that prolificacy 
was conditioned by recessive genes. Recent inheritance studies 
showed that this trait seems to be conditioned by only few 
recessive genes or by a single block of closely linked loci 
(Harris et al., 1976; Sorrells et al., 1979). The results 
obtained for days to silk in this study would also indicate 
that late flowering is controlled by recessive genes. 
The effect of reciprocal full-sib selection on the 
genetic variability of BSlO and BSll was determined by com­
paring the estimates of component of variance due to differ-
ences among unselected S^ lines from the original (CO) 
population and from the improved (C4) population. The 
variance among S^ lines can only be translated into additive 
2 2 (dp) and/or dominance (a^,) variances in the noninbred popula-
2 2 tion if there is no dominance, in which case a = a , or if 
1 
the gene frequency is one-half for all loci, in which case 
2 2 2 
a g =0^+1/4 (assuming no epistasis). Under the as sump-
• 2 tion of no dominance, therefore, the variance component 
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2 provides an estimate of cr^. If lines that are near homozy­
gosity are evaluated, bias due to dominance in the estimate 
2 
of will be negligible; in the case when inbreeding coeffi-
2 
cient (F) is unity, the variance among lines is equal to 2a^. 
The use of inbred progenies in estimating genetic components 
of variance had been shown to give estimates which were not 
significantly different from those obtained by use of non-
inbred progenies (Design I and II mating schemes) (Obilana 
and Hallauer, 1977). Smith (1978) evaluated 110 unselected 
S  J  lines from each of the two varieties BSIO and BSll and 
obtained estimates of f o r  yield and ears per plant. The 
original estimates for yield (which were in grams per plant) 
were expressed in quintals per hectare by multiplying by 5.6. 
2 2 These estimates of 0^(1/2 ag ) are shown in Table 23 with 
2 2 ^ the estimates of (Og^^ obtained in the present study. 
The estimates of were generally comparable to the 
2 1 
estimates of obtained by Smith (1978). It seems from 
these estimates (Table 23) that the major part of the varia­
tion analyzed in this study can be attributed to additive 
genetic variance. The estimates for yield from use of S^ 
progenies tend to be larger than those for estimated from 
inbred lines. If gene frequency is one-half, variance of S^ 
2 2 2 2 progenies is + 1/4 Although estimates of a g and 
do not differ by two standard errors, variance among S^^ 
progenies may include some dominance variance. 
Four cycles of reciprocal full-sib selection did not 
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Table 23. Estimates of additive genetic variance and 
2 
variance among unselected lines ((?„ ) for yield 
^1 
and ears per plant in BSlO and BSll population 
Variance Trait 
Population components Yield Ears per plant 
BSIO ai 55.03 ± 9.5 0.05 ± O.Ol 
^1 
43.69 ± 6.6 0.06 ± 0.01 
BSll ai 72.08 ± 12.5 O.lO ± 0.02 
^1 
42.97 ± 14.2 0.07 ± 0.01 
^Estimates of were obtained from Smith (1978). 
significantly change the genetic variance for yield in BSlO 
and BSll. Further gains, therefore, should be realized in 
subsequent cycles of selection. Correlated increase in ears 
per plant can also be expected for both varieties, although 
probably at a lower rate for BSll. In BSlO, reciprocal 
full-sib selection resulted in significant increase in genetic 
variance for ears per plant; this was, however, accompanied 
by a corresponding increase in covariance component with yield 
giving an unchanged genetic correlation. In BSll, there was 
a significant reduction in genetic correlation of ears per 
plant with yield, primarily because of a decrease in the mag­
nitude of their covariance. Increase in genetic variance of 
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ears per plant after selection was observed also by Gardner 
(1969a) in Hays Golden; ten cycles of mass selection for 
yield increased both additive and dominance variance for ears 
per plant. Selection in BSIO must have increased the fre­
quency of genes conditioning prolificacy towards intermediate 
levels giving an increased genetic variance (Falconer, 1960). 
Reciprocal full-sib selection for yield reduced the 
genetic variance for days to silk in BSIO and BSll. As a 
consequence, a quadratic response was observed for this trait. 
This reduction in genetic variance for days to silk is ex­
pected under a complete dominance model for earliness. Nei 
(1963) noted that, under complete dominance, both additive 
and dominance variances are expected to decrease at gene fre­
quencies higher than 0.25. 
The relative changes in the magnitudes of the various 
components of genetic variance could not be ascertained in 
this study. Nei (1953) concluded from a theoretical consid­
eration of changes in genetic variance under various type of 
2 gene action that is more affected by selection than other 
components of genetic variance. One of his assumptions was 
the negligible buildup of linkage disequilibrium due to selec­
tion. Bulmer (1975) noted, however, that reduction in addi­
tive genetic variance is chiefly due to linkage disequilibrium. 
The changes in genetic variance are a major factor in the 
variation observed in the pattern of responses to selection. 
This is one of the reasons why realized responses do not 
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follow the predicted in selection programs (Hill, 1977). 
This factor, however, does not seem important for the first 
few cycles of the reciprocal full-sib selection programs for 
yield in BSIO and BSll. 
Since increase of mean yield in each variety was accom­
panied by no significant reduction in genetic variance, a 
greater frequency of superior genotypes are to be expected 
after selection. Comparison of the distribution of CO- and 
C4-derived lines showed that frequency of high yielding 
lines was greater in the C4 cycle. These results indicate 
that reciprocal full-sib selection was effective, not only 
in improving the variety cross, but also in improving the 
populations per se as a source of productive inbred lines. 
Selection, therefore, had emphasized additive effects. With 
no significant change in genetic variance, the gain obtained 
in the variety cross as a result of reciprocal full-sib selec­
tion should be reflected in the single-cross hybrids (Hallauer, 
1973; Hoegemeyer and Hallauer, 1976). 
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SUMMARY AND CONCLUSIONS 
The effectiveness of four cycles of reciprocal full-sib 
selection and ten cycles of mass selection for prolificacy 
in BSlO and BSll was evaluated in this study. The original 
(CO) and advanced (Cn) populations, and their respective 
crosses (Cn x Cn) vere grown in seven Iowa environments in 
1978 and 1979. Estimates of progress were obtained by per­
forming regression analyses of means on cycles of selection. 
Another objective of this study was to determine the 
effect of reciprocal full-sib selection on genetic varia­
bility of BSlO and BSll. For this purpose, unselected CO-
and C4-derived S^ lines of each variety (100 for each cycle) 
were evaluated in four environments in 1978 and 1979. Vari­
ance component estimates were obtained for each population. 
Yield gain per cycle from reciprocal full-sib selection 
as estimated by the linear regression coefficient was signifi­
cant only in the variety cross. Total response after four 
cycles, however, was significant in both parental populations. 
This was confirmed by the higher performance of the unse­
lected C4-derived lines relative to that of CO-derived lines 
of each variety. Increase in midparent heterosis was noted 
but it was small and improvement in the crossbred performance 
could be attributed mostly to the improvement in the parental 
populations. The observed response was substantially lower 
than the predicted response. Genotype-environment interaction 
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seems to be the main factor which could account for the 
discrepancies. 
Mass selection for prolificacy was not effective for 
improving yield of the varieties per se and their crosses. 
Possible explanations for the results included inbreeding 
depression and genotype-environment interaction. Differences 
between the results obtained in this study and those by other 
workers were also attributed to varietal differences with 
respect to initial frequency of genes conditioning prolificacy. 
There was very little change in yield heterosis between cycles 
of mass selection indicating no substantial change in the 
frequency of favorable dominant genes in the hybrid 
population. 
Reciprocal full-sib selection for yield and mass selec­
tion for prolificacy were both effective for increasing the 
number of ears per plant in the varieties and their crosses. 
The gain in ears per plant from reciprocal full-sib selection 
was mainly attributed to selection for two ears when making 
plant-to-plant crosses. 
There was a change towards earliness in BSll in the first 
two cycles of reciprocal full-sib selection for yield and 
five cycles of mass selection for prolificacy; however, sub­
sequent change was towards lateness in later cycles. Only 
mass selection for prolificacy effected a significant change 
for days to silk in BSlO; the change was similar in magnitude 
but opposite in direction to that in BSll, In the variety 
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cross, reciprocal full-sib selection for yield produced a 
response similar to that in BSll while mass selection for pro­
lificacy did not result in any significant change for days 
to silk. 
Percentage of stalk lodging vas significantly reduced in 
BSll after four cycles of reciprocal full-sib selection for 
yield. No significant change for stalk lodging was noted in 
BSIO and in the variety cross. Mass selection for prolificacy 
did not significantly change percentage of stalk lodging in 
BSll and in the hybrid population but it resulted in sig­
nificantly poorer stalk quality in BSlO. 
No significant change in magnitude of genetic variance 
for yield was noted in either variety after four cycles of 
reciprocal full-sib selection. Further gains are therefore 
to be expected in later cycles. There was a significant in­
crease in genetic variance for ears per plant in BSIO which 
would be expected if gene frequency was increased to inter­
mediate levels. A significant reduction in genetic variance 
for days to silk was noted in both varieties. This would 
explain the quadratic response noted for days to silk. 
Change (a reduction) in genetic correlation was significant 
only between ears per plant and yield in BSll. 
Analysis of the frequency distribution of S^ lines showed 
that reciprocal full-sib selection was also effective in 
improving populations per se as source of productive inbred 
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lines. Since there is no change in genetic variance, the 
improvement in variety cross is expected to be reflected 
in single-cross hybrids produced from lines extracted from 
the improved populations. 
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APPENDIX 
Table Al. Analysis of variance for grain yield of populations and population crosses for each 
of seven environments 
Mean squares for each environment 
OUUi. ue UJ. 
variation d.£. 78043 78044 78045 78046 78047 79043 79044 
Replications 2 0. ,08 0. ,81 8. ,66 84. ,11 15. ,57 2. ,25 66, 28 
Entries 27 42. ,34* 49. ,82* 100. ,81** 89. ,48** 70. 92** 167. ,61** 104. ,27** 
Group 1 9 34. 51 11, .93 39. 88 46. ,37* 35. ,44 160. 46 70. ,97 
Group 2 8 17. 03 28, .75 60, .00 24, .85 17. ,15 96. 22 54. ,74 
Group 3 8 25, .89 10, .45 104, .04* 35, 31 54, .31 115, .65 42, .22 
Among groups 2 244, .57** 462. 12** 525, .27** 758, .61** 512, .13** 693, .23** 700. ,39** 
Error 54 22, .75 27, .25 37, .89 17, .49 32, .54 86, .15 45. 30 
Mean (q/ha) 59, .23 61 .38 66, .48 52 .66 59, .48 68, .70 76, .57 
C.V. (%) 8, .05 8 .50 9 .26 7 .94 9 .59 13 .51 8, .79 
*,**Significant at 5% and 1% probability levels, respectively. 
Table A2. Analysis of variance for ears per plant of population and population 
crosses for each of six environments 
Mean squares for each environment Ui. 
variation d.f. 78043 78044 78045 78046 78047 79044 
Replications 2 0.04 0.05 0.02 0.00 0.02 0.00 
Entries 27 0.03** 0.06* 0.07** 0.05** 0.08** 0.07** 
Group 1 9 0.04** 0.07* 0.11** 0.05** 0.09** 0.09** 
Group 2 8 0.04** 0.01 0.09** 0.04** 0.03 0.04** 
Group 3 8 0.02 0.08* 0.04 0.06** 0.10** 0.07** 
Among groups 2 0.02 0.09 0.01 0.05** 0.08* 0.04 
Error 54 0.01 0.03 0.02 0.01 0.02 0.01 
Mean (no.) 1.23 1.40 1.43 1.29 1.47 1.39 
C.V. (%) 8.75 13.40 11.29 9.26 9.2 8 8.63 
*,**Signifleant at 5% and 1% probability levels, respectively. 
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Table A3. Analysis of variance for percentage of root lodg­
ing of populations and population crosses for each 
of four environments 
Source of 
variat ion d. f. 
Mean squares for each environment 
78043 78044 78046 78047 
Replications 2 27.52 22.18 225.39 82.53 
Entries 27 17.71 45.18 76.13 26.71 
Group 1 9 10.77 73.17* 64.82 30.71 
Group 2 8 25.43 22.38 89.45 29.05 
Group 3 8 21.56 7.80 81.20 19.72 
Among groups 2 2.31 159.96* 53.47 27.29 
Error 54 17.53 32.67 64.12 32.76 
Mean (%) 3.76 7.85 16.02 7.02 
C.V. (%) 109.91 72.77 49.99 81.55 
*Significant at 5% probability level. 
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Table A4. Analysis of variance for percentage of stalk 
lodging of populations and population crosses for 
each of four environments 
Mean squares for each environment 
variation d.f. 78043 78044 78046 78047 
Replications 2 109, .45 160, .12 31, .64 350. 57 
Entries 27 59, .96 123, .59 62, .96 170. 98* 
Group 1 9 60, .88 158, .64 65, .63 173. 46 
Group 2 8 72. ,44 94, .22 60. 68 138. 28 
Group 3 8 51. ,02 123. 85 74. 88 209. 03* 
Among groups 2 41. ,64 82. 25 52. 96 138. 36 
Error 54 50. ,58 107. ,89 72. 56 94. 87 
Mean (%) 16. ,37 28. ,73 8. ,96 34. 29 
C.V. (%) 43. 44 36. ,16 95. ,07 28. 41 
•significant at 5% probability level. 
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Table À5. Analysis of variance for percentage of dropped ear 
ears of populations and population crosses for 
each of four environments 
Source of 
variation d.f. 
Nean squares for each environment 
78043 78044 78046 78047 
Replications 2 0.53 10.97 38.97 4.26 
Entries 27 9.50 15.44 16.60 3.77 
Group 1 9 12.21 8.48 24.31 4.09 
Group 2 8 6.81 31.29 11.70 1.89 
Group 3 8 10.77 10.04 14.85 5.93 
Among groups 2 2.96 4.97 8.52 1.21 
Error 54 9.22 13.35 18.38 3.29 
Mean {%) 2.20 3.47 4.64 1.26 
C.V. (%) 138.18 105.16 92.37 144.30 
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Table A6. Analysis of variance for days to silk of popula­
tions and population crosses for each of three 
envi ronments 
Source of Mean squares for each environment 
variation d.f. 78045 78046 79044 
Replications 2 0.68 4.75 4.43 
Entries 27 15.22** 5.48** 11.07** 
Group 1 9 16.80** 4.72 8.67** 
Group 2 8 11.17** 7.56** 12.17** 
Group 3 8 13.00** 3.50 10.84** 
Among groups 2 33.17** 8.49* 18.40** 
Error 54 0.92 2.56 1.07 
Xean 22.86 26.61 28.93 
C.V. (?o) 4.21 6.02 3.58 
*,**Significant at 5% and 1% probability levels, 
respectively. 
Table A7, Means of populations per se^ and population crosses for five traits measured in 
Experiment 78043 
EARS PER ROOT STALK DROPPED DAYS TO 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/HA NO. X  % X  NO. 
BSiOCO 55.86 1.00 1 .0 15.1 I .0 
BS10(FR)Cl 61. 50 1.26 2. 1 20.9 1.6 
8S10(FR)C2 58. 38 1.26 4.0 16.6 6.3 
9S10(FR)C3 56. 02 1.26 2.1 7.2 1 .7 
BSIO{FR)C4 61 . 35 1.39 2.9 12.7 0.7 
BS10< M)C2 60.08 1 .23 6.3 17.5 3.4 
BS10(M)C4 53.49 1.19 6.2 21.2 2.6 
BS10(M)C6 56.22 1.39 2.9 21.3 0.0 
BS10(M)C8 54. 16 1.35 3.2 I 7.4 0.0 
BS10(M)C10 51 .69 1.22 6.0 20.7 2.5 
BSlICO 57. 19 1.07 5.3 19.8 4.9 
BSlI(FR)Cl 59.00 1.15 1 . 0 17.8 4.5 
BSH <FR>C2 53.31 1.12 2.0 15.9 0.9 
BSl1(FR)C3 60.83 1.13 0.0 12.0 2.7 
BSl1(FR)C4 57.99 1.33 6.5 12.3 3.2 
BS11(M)C2 60.72 1.18 4.0 12.4 1.9 
BSl1(M)C4 59. 03 1.18 1.0 18.9 0 .8 # 
BSl1(M)C8 60.41 1.24 3.1 27.5 1.7 # 
BS1I(M)C10 57.03 1.45 8.8 17.0 2.3 . 
BSIOCO X BSllCO 67.05 1.10 7.5 13.5 2.8 
BS10(FR)CI X BS11(FR)C1 67.06 1.34 2.1 20.7 0.0 
BS10(FR)C2 X BS11(FR)C:> 62.85 1.24 1.0 14.8 0.0 
BS10(FR)C3 X BSll<FR)C3 58.53 1. 16 3. 0 11.0 0.9 
BS10(FR)CA X BS11(FR) C 4  60.22 1.27 2.0 9.0 4.5 
BS10(MIC2 X BS11(M)C2 61.13 1.21 7.1 18.9 4.9 
BS10<MJC4 X BS11(H)C4 63.87 1.31 7.8 10.8 0.0 
8S10(M|Ca X BSll(M)CO 60.87 1.21 2.0 18.1 3.3 
BSIQ(M)C9 X BS11(M)C9 62.01 1.33 4.3 17.5 1.5 
H 
ID 
Table A8. Means of populations per se and population xrosses for five traits measured in 
Experiment 78044 
EARS PER ROOT STALK DROPPED DAYS TO 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/HA NO. X  % % 
SSIOCO 57.88 1.07 0.0 20.2 0.9 
BS10(FR)CI 58.93 1.37 5.5 18.3 1.6 
BS10(FR)C2 62.91 1.47 1 .2 29.7 2.9 
BS10(FR)C3 59.95 1.38 0.0 19.5 2.3 
BS10(FRIC4 61.30 1.49 7.4 25.2 2.9 
BS10(M)C2 61.80 1.39 15.0 28. 7 3.0 
BS10(M)C4 57.88 1.48 4.0 29.5 5.7 
BSiO(M)C6 60.94 1.62 9.0 34.3 2.2 
sstoc M)ca 56. 59 1.39 9.3 41.7 4.3 
BS10(M)C10 59.52 1.55 1.1 30 .8 6.2 
esuco 56.61 1.22 7.2 33.2 7.7 
BSlI(FR)Ci 61 .60 1.29 4.1 35. 1 0.0 
BSll(FR)C2 60.35 1.32 9.6 28.7 3.3 
BSl1(FR)C3 61.37 1.33 7.1 19.8 0.0 
BSlI(FR)C4 61.54 1.46 10.9 25.4 5.0 
BSll(M)C2 59.09 1.41 13.2 28. 7 9.0 
BSll(H)C4 56.84 1.31 11 .3 37.6 4.7 
BSll(M)Ca 1 55.16 1.33 10.3 33.9 3.8 
BSIKMJCIO 53. 17 1.36 8.1 34.3 2.2 
BSIOCO X BSlICO 64.60 1.24 8.5 35.2 2.4 
BS10(FR)Cl X eSll(FR)Cl 66.10 1.29 10.5 24.5 3.8 
BS10(FR)C2 X BS11(FR)C2 68.53 1.42 10.0 20. 1 1 .6 
BS10(FR)C3 X BS11(FR)C3 66.72 1.35 6.4 18.0 6. 1 
BS10(FR)C4 X 8S11CFR)C4 66.23 1.77 12.0 29.8 4.0 
BS10(M)C2 X BS11(M)C2 69. 14 1.40 8.8 23. 1 0.0 
BS10(M)C4 X BS11(M)C4 64.64 1.56 10.9 24.9 3.5 
BS10<M)C8 X BS11(M)C8 65.92 1.47 8.9 36.3 3.9 
BS10(M)C9 X BS11(M)C9 63.29 1 .55 9.7 32.7 4.2 
MEAN 61 .38 
o
 7.9 28.7 3.5 
Table A9. Means of populations per se^ and population crosses for three traits measured in 
Experiment 78045 
PEDIGREE 
EARS PER ROOT STALK DROPPED DAYS TO 
YIELD PLANT LODGING LODGING EARS SILK 
Q/HA NO. NO, 
a s i o c o  63.74 1 09 21.0 
BSIO(FR)C1 <30.94 1 16 . 18.7 
BS10{FR)C2 61.41 1 32 19.3 
BS10{FR)C3 62.53 1 42 21 .3 
BSIO(FR)C4 70.01 1 51 21.0 
BS10(M)C2 64.25 1 38 « . 22.7 
BS10(M)C4 60.48 1 34 25.0 
BS10(M)C6 60.91 1 53 25.3 
BS10(M)C6 70.59 1 71 . . 24.7 
BS10(M)C10 63.73 1 60 23.7 
est ICO 57.85 1 10 . 26.3 
BSl1(FR)Cl 58.34 1 31 22.0 
BSl1(FR)C2 63.66 1 44 . . 20.7 
BSlI(FR)C3 65.11 1 35 . 23.0 
BSlI<FR)C4 69.43 1 36 . 24.3 
BSll(M)C2 70. 34 1 56 . . 25.0 
BSl UM)C4 62.75 1 45 24.3 
BSl1(MJC8 68.07 1 67 . 25.3 
BSll{M)C10 62.76 1 61 26.3 
8S10C0 X BSlICO 74.88 1 22 . • . 22.0 
BSl0<FR >Cl X BSll(FR)C1 67.21 1 40 . . 19.7 
BS10(FR)C2 X eSl1<FR)C2 74.59 1 47 . . 19.3 
BS10(FR)C3 X BSli(FR)C3 78.21 1 46 21.0 
8S10{FR)C4 X aSll(FR>C4 81 .16 1 56 « • . 21.3 
BS10(MJC2 X BSl1(M)C2 69.84 1 45 23.3 
BS10(MJC4 X BSl1(M)C4 64.75 1 37 24.3 
BS10(M)Ca X BSl1(M)C8 69.12 1 45 23.7 
BS10(M)C9 X BSll(M)C9 64.7 3 1 62 25.3 
H tvj 
H 
MEAN 66*48 1.43 22.3 
Table 10. Means of populations per se and population crosses for six traits measured in 
Experiment 78046 
EARS PER ROOT STALK DROPPED DAYS 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/HA NO. % X  % NO. 
BSIOCO 47.83 0. 98 15.6 3.1 9.6 25.7 
BSI. OCFR)Cl 49. 75 1.17 19.0 7.4 1.8 24.3 
BSIOCFR)ca 50.33 1.25 11.7 4.3 4.3 25.3 
BS10(FR)C3 47.76 1.2S 10.4 9.4 6.6 25.0 
BS10(FR»C4 55.65 1.47 11.7 5.4 0.7 25.7 
BS10(M)C2 51 .96 1.27 14.6 2.1 4.1 26.7 
BS10(M)C4 43.41 1.20 24.3 7.3 6.1 28.0 
BS10<M)C6 42.34 1.23 12.6 6.4 2.5 28.0 
BS10(M)Ca 49.30 1.35 14.6 13.5 7.0 27. 0 
BS10(M)C10 46. 14 1 .34 21 .9 15.6 7.0 27.0 
BSIICO 48.07 1 .09 14.8 9.4 6.7 29.7 
BSII(FR)Cl 55.42 1.26 6.3 8.4 1 .7 26.7 
BSI1(FR)C2 54.55 1.39 12.5 9.5 1 .5 25.0 
BSI1(FR)C3 49.46 1.23 12.9 3.3 5.9 25.7 
BSII(FR)C4 54.57 1.35 8.4 8.5 2.3 27.7 
BSll(M)C2 43.48 1.11 16.r 6.2 3.8 27.7 
BSI1(M)C4 49.32 1.29 18.2 9.7 3.4 26.0 
BS11(M)CB 50.41 1.40 22.9 14.6 4.5 27.7 
BSI1(M)C10 52.63 1.39 20. 8 18.8 5.3 29.3 
BSIOCO X BSIICO 55. 17 1.05 15.8 12.6 2.0 26.0 
BS10(FR)C1 X BS11(FR)C1 58.39 1.32 8.4 10.4 2.3 24 .0 
BS10(FR)C2 X BS].1(FR)C2 59.18 1.22 20.2 6.7 4.4 25.7 
BS10(FR)C3 X BSÎ. 1(FR)C3 62.00 1.46 14.7 9.5 7.3 26.3 
BStO(FR)C4 X BS]H<FR)C4 63.44 1.46 13.8 9.4 2.2 27.7 
BS10(MJC2 X BSll(MIC2 59.60 1.34 17.3 21.4 7.2 27.3 
BS10(M)C4 X BS11(M>C4 59.72 1.43 19.y 7.4 7.4 26.7 
BS10(M)C8 X BS11(M)C8 57.69 1.46 22.2 5.3 5.0 27.0 
BS10(M)C9 X BS11(M)C9 51.97 1.27 26. I 5.2 5.7 26.3 
MEAN 52.66 1.29 16.0 9.0 4.6 26.6 
Table All. Means of populations per se and population crosses for five traits measured in 
Experiment 78047 
EARS PER ROOT STALK DROPPED DAYS TO 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/HA •
 
o
 
z
 
1 
X % X NO. 
BSlOCO 51.21 1 1 4 4 .2 38.7 0.0 
BS10(FR)C1 49.88 1 28 12.2 32.4 3.0 
BSiOIFR)C2 56.22 1 46 2.8 23.3 0.0 
8S10(FR)C3 55. 19 1 60 9.2 25.2 0.0 
BS10<FR)C4 59.05 1 77 4.3 34.0 I .9 
BS10(M)Ç2 58.57 1 45 5.8 35.7 1 .4 
BS10{M>C4 56.65 1 56 8.4 47.5 1 .3 
BS10(MJC6 51 .43 1 48 3. 1 35. 7 1 .4 • 
BS10(M)C8 54.13 1 45 4.8 47.5 0.0 • 
BS10(M)C10 58.34 1 61 9.2 42.0 2.5 • 
8S1ICO 59.44 1 29 6.9 47.3 0.0 
BSll(FR)Cl 62.91 1 42 5.8 33.4 1.3 
BSll(FR)C2 62.05 t 44 3.6 26.9 1.3 
BSl1(FR)C3 58.29 1 38 8.1 27.2 1 .4 
BSl1(FR)C4 55.95 1 26 6.1 24.7 2.4 
BSl1(M)C2 60 .77 1 35 14.2 35.2 1.4 • 
BSU(M)C4 62.18 1 44 10.9 27.7 2.1 • 
BSl1(M)C8 57. 13 1 54 8.0 30.9 0.6 • 
BSU (M}C10 60.14 1 60 9.9 31.8 2.4 • 
BSIOCO X BSlICO 63.53 1 33 7.3 39.9 0.0 • 
BS10<FR)Cl X BS11(FR)C1 59.96 1 40 6.8 36.9 0.0 
BS10IFR)C2 X BS11{FR)C2 62.38 1 49 8.0 37.7 0.0 
BS10(FR)C3 X BS11(FR)C3 67.25 1 68 0.0 20.9 1.2 
BS10(FR)C4 X BSll(FR)C4 72.41 I 73 7.9 31.8 3.4 
BS10(M)C2 X BS11(M)C2 57.36 1 28 8.6 29.9 1 .6 
BS10(M)C4 X BS11(M)C4 63.70 1 43 5.8 34.5 0.0 
BS10(H)C8 X BS11(M)C8 63. 16 1 57 7.0 35.9 2.5 
BS10(M)C9 X BS11(M»C9 63.61 1 78 7.0 52.0 2.8 
MEAN 59.39 1 .47 7.0 34.5 1.3 . 
Table Al2. Means of populations per se and population crosses for yield in 
Experiment 79043 
EARS PER ROOT STALK DROPPED DAYS TO 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/MA 
BSIOCO 72.68 
BS10(FR)CI 75. I I 
BS10(FR)C2 76.82 
BSiO<FR)C3 70. 12 
BS10<FR)C4 65. 70 
BS10< M)C2 67.24 
BS10(M)C4 60.57 
BS10(M}C6 55.77 
BS10(M)C6 56.91 
BSt0(M)C10 64.09 
as 1 ICO 55.60 
BStICFR)CI 70-53 
asiI<FR)C2 70.78 
BSlI(FR)C3 68.12 
BSl1(FR)C4 68.80 
BSll(M)C2 61.86 
BSl1(M)C4 70.66 
BSl1(M)C8 60.07 
BSll(M)CIO 61.17 
BSIOCO X BSlICO 66.16 
BS10<FR)C1 X BSll(FR)CI 76. 17 
BSI0(FR)C2 X BSll(FR)C2 76. 16 
BS10(FR)C3 X BS11(FR)C3 77.85 
BS10(FR)C4 X BS11(FR)C4 83.45 
BS10(M)C2 X BS11(M)C2 77.35 
BS10(M*C4 X BS11(M)C4 79.05 
BS10(M)C6 X BSll(M)Ca 64.86 
BS10(M)C9 X 0SHCM)C9 69.99 
NO. X  X X  NO. 
MEAN 68. 70 
Table A13. Means of populations per se and population crosses for three traits in 
Experiment 79044 
EARS PER ROOT STALK DROPPED DAYS TO 
PEDIGREE YIELD PLANT LODGING LODGING EARS SILK 
Q/HA NO. % % X  
1 1 1 1 
Z
 1
 
?
 1 1 
BSIOCO 70.57 1.08 27.7 
BSIO(FR»CI 74.32 1.30 # • 26.0 
0SiO(FR)C2 73.24 1.39 # « 26.0 
8S10(FR)C3 68.57 1.39 • « # 28.0 
8S&0(FR)C4 75.90 1.49 # * # 27.3 
BS10(M)C2 79.83 1.35 • # « 29.0 
8S10(M)C4 69.44 1.36 • 30.3 
BS10(M)C6 72.95 1.51 # # 29.3 
8S10(M)C8 67.60 1.35 * # 30.0 
BSI0(M)C10 82.54 1.76 30.7 
asI ICO 72.37 1.22 32.7 
BSl1(FR)Cl 81.58 1.24 # 27.3 
BSll(FR)C2 74.24 1.27 • # • 26.7 
BSII (FR)C3 78.40 1.28 • # 29.7 
BSl1(FR)C4 71.13 1.27 • » 30.3 
BSlI(M)C2 72.25 1.36 • 30.3 
BSl1(M)C4 75.11 1.41 « • 29.0 
BSl1(M)C8 74.77 1.59 • 30.7 
BSll(M)CIO 66.70 1.43 * # • 32.3 
BSIOCO X BSlICO 84.54 1.27 # # • 29.3 
BS10(FR)Cl X BSIKFRICI 75.81 1.28 # * # 26.7 
BSI0(FR)C2 X BSIliFR>C2 81 .02 1.29 # « * 25.3 
BS10(FR|C3 X BS11(FR)C3 87.39 1.41 • # 26.7 
aS10{FR)C4 X BSl&(FR)C4 82.80 1.42 # # 28.3 
BS10(M)C2 X BS11(M)C2 77.43 1 .38 # • # 29.3 
BS10<H}C4 X BS11(M}C4 84.24 1.44 # * # 30.0 
BSI0fM)C8 X BS11SMIC8 84.49 1.47 # # 30.0 
BS10(M)C9 X BSll(M)C9 84.70 1.78 • • 31 .0 
MEAN 76.57 1.39 28.9 
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Table A14. Mean yield, ears per plant, and days to silk of 
unselected lines derived from BSIOCO 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
1 001 56.07 1 .37 23.50 
1 002 50.24 1.00 29.25 
1 003 53.77 1.18 25.50 
1 004 44.02 0.97 30.50 
1005 53.06 1.43 26.25 
1 006 49.65 1 .58 28.25 
1007 46.20 1 .28 28.25 
1 008 44.20 0.94 25.25 
1 009 36.85 1 .00 27.00 
1010 51.31 1.37 25.00 
1011 50.20 1.19 22.50 
1012 43.90 1 .33 26.25 
1013 47.01 1.71 25.25 
1 014 61.19 1 .62 24.50 
1015 46.15 1.21 23.25 
1016 57.36 1 .64 29.50 
1017 41.75 1 .21 28.00 
1018 59.38 1.52 26.25 
1019 49.72 1 .44 25.50 
1020 30.91 1 .01 28.25 
1021 38.65 1.06 30.25 
1 022 54.60 1 .56 29.50 
1023 40.59 1 .32 31.00 
1024 38.06 0.97 30.00 
I 025 47.46 1.23 26.00 
1026 48.60 1.13 33.00 
1027 41.83 1 .04 27.00 
1 028 49.16 1 .07 23.00 
1 029 50.37 1.33 28.25 
1 030 48.20 1 .74 27.75 
1031 55.95 1.44 29.50 
1 032 51.42 1 .52 26.50 
1 033 41.40 1.11 27.75 
1 034 45.19 1 .28 21.50 
1035 44.14 1 .32 32.00 
1036 42.03 1.02 29.75 
1 037 35.44 1 .08 29.25 
1 038 52.43 1 .21 24.00 
1039 43. 19 1.53 31.25 
1040 53.50 1.28 26.25 
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Table A14. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA 
1 1 
# 
o
 
z
 NO. 
1041 37.53 0.37 24.50 
1042 50.97 1.16 23.25 
1043 48.01 1 .31 32.25 
1044 40.36 1.09 30.00 
1045 51 .08 1 .61 26.50 
1046 57.47 1 .55 30.00 
1047 45.92 1.11 26.00 
1 048 40.87 1 .63 34.50 
1049 37.69 1.01 27,75 
1050 50.12 1 .54 27.75 
1051 45.34 1 .05 27.75 
1052 51.70 1.28 23.00 
10 53 50.42 1 .61 26.25 
10 54 52.35 1 .23 27.75 
1055 39.04 0.95 29.25 
1056 39.22 1.12 23.50 
1057 36.85 0.99 29.00 
1058 53.22 1.16 24.75 
1059 48.11 1 .33 32.00 
1060 51.74 1 .48 26.25 
1061 50 .83 1 .63 23.00 
1062 52.24 1 .C4 24.75 
1063 44.18 1 .15 31.00 
1064 44.99 1 .57 23.75 
1065 49.90 1 .57 22.75 
1 066 54.84 1 .37 23.00 
1067 32.27 I .10 30.50 
1068 53.58 1 .39 23.25 
1069 36.80 0.85 24.25 
1070 45.95 1 .55 30.00 
1071 50.77 1.16 25.50 
1072 51.59 1 .10 25.25 
1073 34.95 0.81 24.50 
1074 44.59 1.24 32.50 
10 75 21.79 0.56 26.25 
10 76 48.24 1.14 26.75 
1077 63.28 1 .49 24.25 
1078 49.78 1 .43 21.25 
1079 54.67 1 .36 28.50 
1 080 41 .78 1 .17 25.50 
1 0 8 1  
1 082 
1083 
I 084 
1 085 
1086 
1 087 
1088 
1089 
1 090 
I 091 
1092 
1 093 
1094 
1095 
1096 
1097 
1 098 
1 099 
I 100 
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(Continued) 
EARS PER DAYS TO 
YIELD PLANT SILK 
Q/HA •
 
o
 
z
 Z
 
o
 
54.08 1.26 26.25 
51 .12 1 .42 28.75 
38.36 1 .00 26.25 
46.83 1.10 25.25 
44.72 1.13 29.00 
27.72 0.87 29.00 
44.81 1 .27 24.50 
45.12 1 .24 26.75 
57.56 1.37 24. 75 
50.26 1 .31 25.25 
17.80 0.61 31 .75 
49.91 1.41 26.25 
54.63 1 .56 25.00 
37.86 1.03 30.75 
35.06 0.86 25.25 
39.04 1 .30 33.00 
44.32 1.22 27.00 
45.12 0.99 29.00 
52.72 1.12 26.25 
46.65 1.19 29.75 
46.34 1.24 27.10 
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Table A15. Mean yield, ears per plant, and days to silk of 
unselected lines derived from BSllCO 
EARS PER DAYS TC 
ENTRY YIELD PLANT SILK 
Q/HA 
i
 
1 1 1 1 1 
NO. 
2001 37.21 0-85 31 .50 
2002 26.33 0.91 35.00 
2003 48.22 1.12 26.25 
2004 29.81 0.80 32.75 
2005 43.92 1 .41 24.50 
2006 29.75 0 .80 29.75 
2007 50.62 1 .47 30.25 
2008 41 .05 1 .38 30.00 
2009 40.46 1 .21 34.00 
2010 49.85 1 .26 27.50 
2011 52.98 1.49 34.00 
2012 50 .08 1 .65 33.00 
2013 43.02 1 .41 31 .75 
2014 25.89 0.76 28.25 
2015 42.86 1 .29 25.25 
2016 49.98 1.31 28.25 
2017 47.84 1 .85 35.50 
2018 49.99 I .66 23.75 
2019 37.41 1.18 35.00 
2020 51 .29 I .27 29.50 
2021 51 .99 1 .98 29.75 
2022 42.76 1 .08 32.00 
2023 40.49 1.18 35.50 
2024 38.95 1 .45 37.00 
2025 39,39 1 .27 33.75 
2026 41.01 1.14 36.00 
2027 36.58 1.19 30.50 
2028 33.08 1 .12 35.50 
2029 36.84 1 .25 35.50 
2030 28.84 1.12 36.00 
2031 40.88 1 .00 27.00 
2032 51.09 I .52 30.50 
2033 29.79 0.95 31.00 
2034 53.90 1 .58 25.25 
20 35 59.40 2.02 32.50 
2036 28.83 1 .01 37.00 
2037 43.30 1 .49 34.00 
2038 51 .00 1 .95 30.75 
2039 39.26 1.10 27.00 
2040 42.92 1.18 28.25 
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Table A15. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
2041 35.30 0.86 28.75 
2042 60.79 1.88 30.25 
2043 36.55 1.36 31 .50 
2 044 40.92 1 .26 32.75 
2045 37.70 1.17 33.50 
2046 47.66 1 .74 33.75 
2047 43.57 1 .25 35.50 
2048 43.84 1 .50 33.00 
2049 33.55 I .03 33.0 0 
2050 54.90 1 .86 32.00 
2051 25.55 0.70 37.00 
2052 35.25 1.11 31 .25 
2053 73.87 2.05 32.75 
2 054 45.34 1.48 32.00 
2055 33.51 0.91 34.00 
2 056 31 .83 0.91 32.75 
2057 27.97 1.11 37.00 
2058 34.84 1 .29 33.75 
2059 39.63 1 .71 31.75 
2060 35.46 t .08 30.50 
2061 45.59 I .67 35.00 
2062 50.01 1 .35 31.25 
2063 32.88 1.23 35.50 
2064 57.58 1 .60 30.75 
2 065 35.40 0.76 33.50 
2066 32.01 1.21 37.00 
2067 39.78 1 .37 35.50 
2068 32.53 1 .30 36.00 
2069 46.76 1 .33 28.00 
2070 48.05 1 .49 33.50 
2071 51 .43 1.51 26.75 
2072 51 .22 1 .33 26.50 
2073 47.23 1 .55 30.25 
2074 39.79 I .27 28.25 
2075 41 .87 1 .61 26.25 
2076 39.69 1 .33 32.75 
2077 51.49 1 .48 24. 00 
2078 43.78 1 .47 35.25 
2079 54.40 2.17 31.75 
2080 45.82 1 .54 23.75 
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Table A15. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
2081 66.90 2.20 28.00 
2082 42.00 1 .29 33.00 
2083 47.39 1 .66 30.25 
2084 57.26 1 .68 27.50 
2085 46.00 I .27 25.50 
2086 5 0.92 1 .44 25.50 
2087 30.95 0.78 30.75 
2088 31 .59 0.82 31.00 
2089 41 . 54 1 .35 30.00 
2090 42.18 1 .39 29.75 
2091 4 1.62 1 .29 29.25 
2092 55.69 1 .85 34.00 
2093 48.74 1 .43 30.75 
2094 28.34 0.76 36.50 
2095 38.05 1.01 30.75 
2096 44,93 1 .76 34.50 
2097 51.48 1.83 30.50 
2098 54.76 1 .18 31.50 
2 099 42.75 1 .54 30.75 
2100 42.01 1.20 29.25 
Mean . 42.89 1 .34 31.38 
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Table A16. Mean yield, ears per plant, and days to silk of 
unselected lines derived from BS10{FR)C4 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA 
3001 20.62 
3002 49.34 
3003 37.54 
3004 49.37 
3005 57.71 
3006 49.36 
3007 57.48 
3008 36.78 
3009 50.10 
3010 44.21 
3011 27.59 
3012 52.46 
3013 46.40 
30 14 56.49 
3015 58.05 
3016 43.85 
3017 43.59 
3018 74.32 
3019 58.45 
3020 45.95 
3021 47.23 
3022 40.56 
3023 52.07 
3024 55.72 
3025 43.58 
3026 48.94 
3027 46.48 
3028 52.70 
3029 41.66 
30 30 55.37 
3031 47. 1 1 
3032 49.58 
3033 55.73 
3034 51.19 
3035 65.94 
3036 46.54 
3037 44.88 
3038 61.64 
3039 43.24 
3040 48.19 
NO. NO. 
0.82 31 .25 
1 .51 25.25 
1 .28 28.75 
1 .79 31.50 
1 .87 24.75 
1.92 29.00 
1 .46 24.75 
I .08 35.00 
2.06 30. 00 
1 .74 29.50 
0.89 26.50 
2.17 29.25 
1 .77 29.50 
1 .81 26.75 
1 .93 30.75 
1 .36 27.25 
1 .55 26.50 
3.05 28.50 
1 .78 28.00 
I .70 25.50 
1 .70 24.50 
1 .68 24.00 
2.07 29.25 
2.15 27.00 
1.77 28.75 
1 .48 27.75 
1 .86 26.0 0 
2.18 29.50 
1 .62 30.75 
2.01 26.50 
1 .71 29.25 
1 .77 29.75 
1 .60 31 .25 
2.22 29.00 
2.25 27.00 
1 .53 26.75 
1 .71 23.50 
2.49 26.25 
1.58 30.50 
1.82 31.00 
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Table A16. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. 
•
 
O
 
z
 
3041 62.26 2.84 30.25 
3042 35.90 0.88 30.50 
3043 44.34 1 .95 26.50 
3 044 52.44 2 .06 26.75 
3045 44.56 1 .51 29.00 
3046 51.03 1 .50 29.25 
3047 55.32 I .56 26.25 
3048 46.25 1.80 24.0 0 
3049 46.67 1 .58 28.00 
3050 50.01 1 .47 31 .25 
3051 54.62 1 .61 26. 00 
3052 56.49 1 .95 25.75 
3053 51.95 1 .78 24.50 
3054 61 .93 1.92 31 .00 
3055 53.14 1 .49 28.75 
3056 46.67 1.36 25.50 
3057 48.71 1 «55 26.0 0 
3058 64.58 2.36 30.00 
3059 51.84 1 .82 30.00 
3060 54.11 2.13 26.00 
3061 51.45 1.82 28.00 
3062 43.50 1 .36 28.50 
3063 53.00 1 .95 25.25 
3064 65.50 2.36 27.25 
3065 54.25 1 .72 29.75 
3066 63.24 1.71 27.75 
3067 47.31 1 .68 30.00 
3068 54.96 1 .96 25.50 
3069 52.86 1 .33 25.75 
3070 53.06 1 .87 27.25 
3071 54.16 1 .76 24.75 
3072 71.73 2.47 27.50 
30 73 53.72 1 .85 28.50 
3074 40.56 1 .45 30.50 
30 75 50.84 1 .85 26.50 
3076 46.28 1 .68 27.50 
3077 42.78 1.47 24.50 
3078 49.86 1 .97 25.25 
3079 60.41 2.07 29.50 
3080 50.98 1.36 28.00 
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Table A16, (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
3081 58.58 1 .37 27.75 
3082 54.25 1.95 28.00 
3083 54.66 2.21 25.50 
3084 47.75 1 .42 28.50 
3085 48.85 I .57 30.50 
3086 4 0.99 1 .71 25.25 
3087 48.86 1 .65 26.25 
3088 61.11 1 .99 27.25 
3089 56.67 1 .80 24.75 
3090 53.36 1 .63 26.00 
3091 45.29 1 .86 26.25 
3092 49.56 1.52 29.50 
3093 59.42 2.82 28.50 
30 94 60.54 2.08 26.00 
3095 64.63 1.79 27.50 
3096 40.58 1.91 29.75 
3097 52.60 1.83 25.50 
30 98 36.70 1 .51 26.00 
3099 56.96 1 .96 26.75 
3100 50.75 1.82 26.00 
Mean 50.93 1 .78 27.71 
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Table A17. Mean yield, ears per plant, and days to silk of 
unselected lines derived from BSll(FR)C4 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
4001 55.14 I .27 29.75 
4002 59.21 1 .50 25.00 
4003 37.45 I .30 30.50 
4004 53.00 1 .70 29.50 
4 0 05 50. 10 I .83 31 .75 
4006 56.30 2.30 30.25 
4007 45.28 1 .60 31 .  75 
4008 35.61 1 .09 31 .00 
4009 40.03 1.57 30.00 
4010 58.22 2.02 27.75 
4011 55.54 1 .52 27.00 
4012 39.99 1 .28 26.75 
4013 23.47 0 .78 31 .50 
40 14 57.04 1.88 28.50 
4015 56.77 1 .96 27.00 
40 16 49.95 1 .39 28.25 
40 17 63.22 1 .64 26.0 0 
4018 56.63 1 .47 29.25 
4019 54.16 1 .60 23.50 
4020 51 .89 1 .71 29.50 
4021 77. 13 1 .70 24.75 
4022 46.01 1.61 28.00 
4023 49.02 1 .50 31 .50 
4024 54.76 1 .28 29.00 
4025 53.46 1 .65 27.25 
4026 49.15 1.54 29.50 
40 27 48.59 1.52 29.75 
4028 52.92 1 .81 31.50 
4029 4 7.54 1 .96 30.75 
4030 58.34 2.05 29.0 0 
4031 54.69 1 .95 28.25 
4032 96.38 2.33 24.50 
4033 51.10 1 .88 27.75 
4034 44.16 1 .47 31 .75 
4035 62.37 2.11 31 .75 
4036 41 .20 1 .31 29.50 
4037 38.21 1 .07 32.75 
4038 41 .90 1 .36 29.50 
4039 46.62 1 .33 27.25 
4040 51 .05 1 .59 29.75 
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Table A17. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA NO. NO. 
4041 62.63 1 .88 26.25 
4042 52. 14 1 .84 29.00 
4043 40.34 1 .36 29.50 
4044 60.59 2.07 29.0 0 
4045 48.00 1.56 23.00 
4046 55.16 1 .75 29.00 
4047 49.81 1 .66 27.50 
4048 63.31 2.10 25.25 
4049 59.99 2.35 29.50 
4050 42.27 1 .41 34.00 
4051 47.46 1 .64 25.00 
4052 49.90 1 .50 30.75 
4053 44.70 I .83 28.75 
4054 61.00 2.10 29.00 
4055 45.17 1 .48 27.75 
4056 63.26 2.14 29.00 
4057 70.11 2.08 27.75 
4058 58.60 1 .65 26.75 
4059 54.13 1 .27 25.75 
4060 59.95 1 .67 28.00 
4061 50.53 1.70 29.75 
4062 44.31 1 .68 25.75 
4063 61 .35 2.09 29.00 
4064 51.94 1.64 29.50 
4065 52.83 1 .86 30.50 
4066 54.91 1 .50 32.75 
4067 36.05 1 .20 26.25 
4068 63.59 I .65 24.75 
4069 51 .93 1 .86 30.50 
4070 50.75 1 .60 25.25 
4071 55.51 1 .79 28.75 
4072 46.93 1.84 29.75 
4073 47.20 1 .37 28.75 
40 74 43.06 1 .32 31 .00 
40 75 59.01 1 .90 26.75 
4076 54.83 1 .70 30.50 
40 77 67.1 1 2.25 28.75 
4078 55.69 1 .60 28.25 
4079 43.10 1 .60 31 .00 
4080 40.29 1 .98 28.25 
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Table A17. (Continued) 
EARS PER DAYS TO 
ENTRY YIELD PLANT SILK 
Q/HA Z
 
o
 
•
 
NO. 
4081 54.97 
to •
 32.25 
4082 51.57 1.70 26.25 
4083 46.41 1.88 34.50 
40 84 56.50 1 .31 28.50 
4085 54.24 1 .49 29.50 
4086 36.93 1.20 27.75 
4087 48.03 1.52 29.25 
4088 50.73 1 .71 24.25 
4089 61 .49 2.22 33.50 
4090 57.21 1 .62 32.75 
4091 48.77 1 .62 28.50 
4092 60.30 1 .61 29.25 
4093 45.26 1.37 33.75 
4094 54.78 1 .95 27.75 
4095 58.53 2.08 34.25 
4096 54.06 1 .99 25.75 
4097 61.17 1 .64 25.25 
4098 49.76 1 .27 22.25 
4099 44.76 1 .67 26.75 
4100 51 .53 1 .58 26.25 
Mean 52.36 1 .67 28. 83 
